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PREFACE 

With  the  support  and  cooperation  of  the  Buffalo  society  of  natural 
sciences  and  the  department  of  paleontology  of  the  state  museum, 
Dr  Grabau  has  prepared  this  guide  to  the  geology  and  paleontology 
of  Niagara  falls  and  vicinity  with  the  special  purpose  of  affording 
to  visitors  to  Buffalo  during  the  season  of  the  Pan-American  expo- 
sition in  1901a  viaticum  in  their  tours  through  this  region  renowned 
for  its  scenic  features  and  classic  in  its  geology.  The  ground  has 
been  the  subject  of  a  multitude  of  scientific  treatises  concerned  now 
with  the  succession  of  events  in  the  upbuilding  of  the  rock  strata 
along  the  canyon  of  the  river;  again  with  the  nature  of  the  organic 
remains  inclosed  in  these  strata;  sometimes  with  the  changes  which 
the  falls  have  undergone  in  historic  times,  but  for  the  most  part 
with  the  perplexing  problems  of  the  origin  of  the  present  drainage 
over  the  great  escarpment  and  through  the  gorge,  the  raison  d'etre 
of  the  falls,  the  various  changes  in  the  course  and  work  of  the 
Niagara  river  since  its  birth  and  the  significance  of  the  present  topo- 
graphy of  the  region.  These  scientific  investigations  began  wath 
the  careful  surveys  instituted  by  the  late  Prof.  James  Hall,  state 
geologist  and  paleontologist,  during  the  years  of  his  explorations 
in  the  4th  geologic  district  of  this  state  from  1837-43,  who,  in  addi- 
tion to  his  record  of  the  work  done  by  this  tremendous  agent,  de- 
rived from  this  region  an  important  term  in  the  New  York  series 
of  rock  formations,  the  Niagara  group,  and  portrayed  the  organisms 
of  the  various  strata  which  are  so  superbly  exposed  along  its  great 
channel.  Lyell  and  Bigsby,  Logan,  Gilbert,  Upham,  Spencer,  Lev- 
erett  and  Taylor  are  among  the  names  of  others  who  have  contrib- 
uted, from  various  points  of  view,  facts  and  hypotheses  relating  to 
the  geologic  history  of  the  river.  In  no  one  place  however  has  the 
general  purport  of  all  these  various  studies  been  brought  together 
so  that  the  intelligent  traveler  or  student  can  acquire  them  in  con- 
venient form.  It  is  for  this  reason  that  Dr  Grabau's  work  in  bring- 
ing together  in  concise  form  the  essence  of  these  investigations, 
tempered  and  proved  by  his  own  review  of  them  in  the  field,  will 
not  fail  to  prove  serviceable  to  a  large  element  of  the  public. 

John  M.  Clarke 

State  f^Ucontologist 


New  York  State  Museum 


INTRODUCTION  —NIAGARA  FALLS 

AND 

HOW  TO  SEE  THEAIi 

The  falls  of  Niagara  have  been  known  to  the  world  for  more  than 
200  years.  Who  the  first  white  man  was  that  saw  the  great  catar- 
acts is  not  known,  but  the  first  to  leave  a  description  was  the 
French  missionary.  Father  Louis  Hennepin,  who,  in  company  with 
La  Salle,  visited  the  falls  in  1678.  He  was  the  first  white  man  to 
use  the  name,  Niagara,  for  the  river  and  the  falls,  a  name  which 
had  been  applied  by  the  Neuter  Indians,  who  occupied  the  territory 
on  both  sides  of  the  river  prior  to  the  year  1651,  when  they  were 
conquered  by  the  Senecas,  who  after  that  occupied  and  possessed 
the  territory.-  In  the  native  language  the  name  is  said  to  signify 
**  the  thunder  of  the  w^aters  ",. 

The  first  sight  of  the  great  cataracts  must  have  made  a  powerful 
impression  on  Father  Hennepin,  unprepared  as  he  was  by  previous 
descriptions  save  those  given  him  by  his  Indian  allies  and  guides. 
He  speaks  of  the  falls  as  '*  a  vast  and  prodigious  Cadence  of  Water 
which  falls  down  after  a  surprizing  and  astonishing  manner,  inso- 
much that  the  Universe  does  not  afYord  its  ParalleF'.^  He  con- 
sidered the  falls  ''  above  Six  hundred  foot  high  ",  and  adds  that 
"  the  Waters  which  fall  from  this  horrible  Precipice,  do  foam  and 
boyl  after  the  most  hideous  manner  imaginable,  making  an  out- 
rageous Noise,  more  terrible  than  that  of  Thunder,  for  when  the 


^Niagara  falls  are  reached  from   Buffalo  by  train  or  electric  cars,   both 

of  which   run  at   frequent   intervals.     A   direct   line    of   railway   runs   from 

Rochester  to   the  falls  by  way  of  Lockport.       Direct  railway  connection 

with  western  cities  is  obtained  by  way  of  Suspension  bridge,  while  from 

Toronto  and  other  cities  north  of  Lake  Ontario  the  falls  may  be  reached 

by  train  direct,  or  by  boat  to  Lewiston  or  Queenston,  and  thence  by  train 

or  electric  road  to  Niagara.       All  electric  cars  on  the  New  York  side  run 

to    or    past    Prospect  park,   and   most   of  them  pass  the  railway   stations. 

The  railway  stations  are  within  walking  distance  of  the  falls. 

"Porter,   Peter  A.     Goat   island.     i6th  an.   rep't  comr's  state  reservation, 
1900. 

■''A  new  discovery  of  a  vast  country  in  America.     1698.     p.  29.     Reprinted 

in  part  in  special  report  N.  Y.  state  survey  for  1879. 
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Wind  blows  out  of  the  South,  their  dismal  roaring  may  be  heard 
more  than  Fifteen  Leagues  off/'^ 

If  today,  from  our  vantage  ground  of  precise  knowledge,  we 
smile  on  the  extravagant  estimates  of  Father  Hennepin,  it  may  be 
asked,  who  among  us,  that  is  capable  of  admiration  and  enthusiasm 
at  the  sight  of  nature's  grand  spectacles,  would,  on  coming  unpre- 
pared on  these  great  cataracts,  be  able  to  form  a  calm  and  just  esti- 
mate of  hight  and  breadth  and  volume  of  sound? 

Since  the  time  of  La  Salle  and  Hennepin,  the  falls  have  been 
viewed  by  a  constantly  increasing  number  of  visitors.  For  Ameri- 
cans of  the  present  generation  and  for  people  of  other  lands  as  well, 
Niagara  has  become  a  sort  of  Mecca,  to  which  they  hope  once  in 
their  life  time  to  journey.  With  many  this  is  a  hope  long  deferred 
in  realization,  with  most  perhaps  it  is  a  dream  never  realized,  but 
those  who  do  go  and  see,  come  away  with  their  conceptions  of  nature 
much  enlarged  and  with  memories  which  cling  to  the  end  of  life. 
Fully  to  appreciate  Niagara,  one  must  give  it  more  than  a  passing 
glance  from  the  carriage  of  an  impatient  driver,  who  is  anxious  to 
have  you  **  do  "  Niagara  in  as  short  time  as  possible,  that  he  may 
secure  another  *'  fare  ".  Learn  to  linger  at  Niagara,  and  give  nature 
time  to  impress  you  with  her  beauty  and  her  majesty.  "  Time  and 
close  acquaintanceship,''  says  Tyndall,  *'  the  gradual  interweaving 
of  mind  and  nature,  must  powerfully  influence  any  final  estimate 
of  the  scene  ".  And  the  growing  impression  which  this  incompar- 
able scene  produced  on  him,  served  to  strengthen  the  desire  "  to 
see  and  know  Niagara  falls  as  far  as  it  is  possible  for  them  to  be 
seen  and  known".- 

It  is  surprising  that  many  of  the  visitors  to  the  falls  allow  them- 
selves to  be  hurried  past  some  of  its  most  beautiful  spots  and  to 
bestow  on  others  only  casual  attention,  and  then  waste  a  wholly 
disproportionate  amount  of  time  in  the  museums  and  curio  stores 
looking  for  souvenirs  purporting  to  come  from  Niagara  but  gen- 
erally manufactured  elsewhere.  Real  and  valuable  Niagara 
souvenirs  may  be  had  for  the  trouble  of  picking  them  up,  in  the 
minerals,  fossils  and  shells  which  abound  in  the  vicinitv  of  the  falls. 


^Loc.  cit. 

"Tyndall.     Fragments  of  science,   "  Niagara  ". 
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And,  while  one  gathers  these,  one's  knowledge  of  Niagara  becomes 
broadened,  and  the  perception  grows  that  there  are  other  lessons 
to  be  learned  in  this  region,  lessons  of  even  more  tremendous  im- 
port than  those  taught  by  the  cataracts. 

The  pedestrian  has  by  far  the  best  opportunity  to  see  and  enjoy 
nature  as  she  is  only  to  be  seen  and  enjoyed  at  Niagara.  The 
stately  forest  beauty  of  Goat  island,  unequaled  in  the  estimation  of 
those  competent  to  judge,  by  that  of  any  other  wooded  spot  of 
similar  size;  the  constantly  changing  views  of  gorge  and  falls  and 
rapids  which  are  obtained  from  nearly  every  path  on  the  islands 
and  the  mainland  on  both  sides  of  the  river;  the  magnificence  of 
the  turbulent  waters  as  they  rush  toward  you,  wave  piling  on  wave, 
till  it  seems  as  if  the  frail-looking  structure  on  which  you  stand 
must  inevitably  be  carried  away  by  them — none  can  enjoy  these  to 
their  full  extent  while  sitting  in  a  carriage,  though  it  move  never  so 
slowly,  or  while  being  compelled  to  listen  to  the  descriptions  and 
explanations  of  an  unsympathetic  and  unappreciativc  driver.  If  you 
must  ride,  patronize  the  reservation  carriages,  which  leave  you  wher- 
ever you  wish  to  stop  and  take  you  on  again  at  your  own  pleasure.^ 

Views  from  the  New  York  side 

The  first  view  of  the  falls  which  the  visitor  on  the  New  York 
side  enjoys  is  generally  from  Prospect  point,  or  some  of  the  more 
elevated  view  points  along  the  brink  of  the  gorge  in  Prospect  park 
(sec  frontispiece,  pi.  i).  While  impressive,  this  view  by  no  means 
reveals  to  its  full  extent  the  matchless  grandeur  of  the  cataracts,  and 
in  this  respect  the  visitor  on  the  Canadian  side  has  the  advantage. 
However,  the  views  from  Prospect  point  and  Father  Hennepin's 
view  point  should  be  obtained  by  every  one,  and  it  may  be  that  some 
will  find  greater  attraction  in  these  than  in  the  more  comprehensive 
views  obtained  from  the  other  side.  While  in  Prospect  park,  it  is  - 
well  to  descend  to  the  foot  of  the  inclined  railway,  and  get  the  views 


These  carriages  are  run  at  intervals  of  15  minutes,  starting  from  Pros- 
pect park,  and  making  the  circuit  of  Goat  island.  The  fare  is  15c  for  the 
round  trip,  and  stop-overs  at  all  places,  and  for  any  length  of  time  on  the 
same  day,  are  allowed. 


lO  NEW   YORK   STATE   MUSEUM 

of  the  falls  from  below.  The  ride  on  the  Maid  of  the  Mist  will  be 
found  an  interesting  and  novel  experience,  besides  affording  views 
o^  the  cataracts  obtainable  in  no  other  way;  but  most  people  will 
defer  this  till  they  have  seen  more  of  the  cataracts  and  rapids  from 
above.  In  visiting  the  foot  of  the  falls^  an  umbrella  should  be  taken, 
while  a  waterproof  cloak  will  be  found  of  great  advantage,  for  the 
visitor  is  apt  to  be  drenched  by  the  spray  which  will  be  blown  on 
him  unawares.  Caution  is  necessary  here,  as  everywhere  at  Niagara, 
to  avoid  accidents.  In  the  talus  heaps  of  limestone  fragments,  min- 
erals and  occasionally  fossils  may  be  found. 

From  Prospect  point  the  visitor  should  next  turn  his  attention  to 
Goat  island,  *'  the  most  interesting  spot  in  all  America  ",  as  Capt. 
Basil  Hall  called  it.  The  unpoetic  name  of  this  island  is,  as  Mr 
Porter  tells  us^,  commemorative  of  the  power  of  endurance  of  a 
male  goat,  which,  in  company  with  a  num'ber  of  other  animals,  had 
been  left  on  this  island  uncared  for  during  the  severe  winter  of 
1770-71,  and  proved  the  only  survivor. 

From  the  bridges  which  cross  to  Green,  and  thence  to  Goat 
island,  memorable  views  of  the  rapids  above  the  falls  may  be  ob- 
tained; and  the  visitor  will  do  well  to  pause,  that  he  may  become 
impressed  by  the  magnificence  of  the  spectacle.  Perhaps  he  will 
feel  as  did  Margaret  Fuller,  who  said:  "  This  was  the  climax  of  the 
effect  which  the  falls  produced  upon  me — neither  the  American  nor 
British  fall  moved  me  as  did  these  rapids.'*  The  naturalist  will  be 
interested  to  note  that,  in  spite  of  the  fearful  rush  of  water,  fresh- 
water mussels  have  found  a  lodging  place  among  the  more  pro- 
tected rocks,  where  they  seem  to  thrive  well.  Along  the  shores  of 
the  islands^  in  places  where  other  animals  would  find  it  hard  to  gain 
a  foothold,  numerous  small  gastropods  may  be  found  clinging  to 
the  slippery  rock  surfaces. 

On  Goat  island,  despite  the  so-called  "  improvements  "  for  the 
convenience  of  visitors,  nature  still  reigns  supreme.  The  virgin 
character  of  the  forest  is  almost  undisturbed,  as  it  was  when  the 
red  man  regarded  this  as  the  sacred  abode  of  the  Great  Spirit  of 


^Porter.     Goat  island. 


LuDB  fall!,  and  tbe  llmealoDe  Iragnii 


A  Uaderwood.  New  York) 


NIAGARA    FALLS    AND    VICINITY  II 

Niagara.     The  botanist  will  here  find  a  greater  variety  of  plants 
within  a  given  space  than  in  almost  any  other  district.^ 

But  it  is  in  the  wonderful  views  of  the  falls  and  the  rapids  and 
the  gorge  which  can  be  obtained  from  this  island,  that  its  chief  at- 
traction lies.  The  various  view  points  are  easily  found,  and  the 
stroller  about  Goat  island  would  best  come  on  them  unawares. 
Alention  may  be  made  of  the  glimpses  cJf  the  American  falls  ob- 
tained from  the  head  of  the  stairway  leading  to  Luna  island,  as  well 
as  from  the  island  itself,  and  the  panorama  of  rapids,  falls  and  gorge 
from  the  Terrapin  rocks  at  the  edge  of  the  Horseshoe  falls.  Ev^ery 
visitor  is  advised  to  descend  the  Biddle  stairway  and  view  the  falls 
from  below.  No  charge  is  made  unless  one  wishes  to  enter  the 
Cave  of  the  winds,  a  most  thrilling  experience  for  a  person  of  nerve 
and  one  unparalleled  by  any  other  which  may  legitimately  be  ob- 
tained at  Niagara.  But.  even  if  one  does  not  care  to  go  behind 
the  falls,  a  visit  to  the  foot  of  the  stairway,  and  a  walk  along  the 
path  at  the  base  of  the  vertical  cliff  of  limestone  will  well  repay  the 
exertion  of  the  climb.  Many  noble  views  of  the  gorge  and  the 
falls  may  be  obtained  from  the  stairway,  while  from  certain  points 
below,  impressive  sights  of  the  small  central  fall  are  to  be  had. 
Here  too  can  be  seen  the  undermining  action  of  the  spray,  which 
removes  the  soft  shale,  leaving  the  limestone  ledges  projecting  till 
in  the  course  of  time  they  fall  for  want  of  support.  On  the  talus 
slopes  at  the  foot  of  the  cliff  good  specimens  of  minerals  and  oc- 
casional fossils  may  generally  be  obtained. 

After  leaving  the  Biddle  stairway,  and  the  Terrapin  rocks,  the 
visitor  will  proceed  southward  along  the  river  bank  to  the  bridge 
leading  to  the  Three  Sister  islands.  On  the  way  the  geologist  will 
pause  where  a  wood-road  leads  off  to  the  left  into  the  famous  gravel 
pit  of  Goat  island,  since  there  the  shell-bearing  gravels  are  ex- 
posed.- 


*A  catalogue  of  the  flowering  and  fern-like  plants  growing  without  culti- 
vation in  the  vicinity  of  the  falls  of  Niagara,  by  David  F.  Day,  is  pub- 
lished in  the  14th  annual  report  of  the  commissioners  of  the  state 
reservation.  In  this  a  total  of  909  species  are  recorded,  a  large  proportion 
of  which  are  credited  to  Goat  island. 

^These  shells  are  described  in  chapter  5. 
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A  small  fall  known  as  **  The  Hermit's  cascade  ^'  lies  between  Goat 
island  and  the  First  Sister.  In  the  pool  at  the  foot  of  this  fall  Fran- 
cis Abbot,  the  Hermit  of  Niagara,  was  wont  to  take  his  daily  bath. 

From  the  bridges  and  from  the  islands  unsurpassed  views  of  the 
upper  rapids  are  obtained.  These  are  particularly  impressive  when 
seen  from  the  rocks  of  the  Third  Sister.  Of  these  rapids  as  seen 
from  the  Terrapin  rocks,  the  Duke  of  Argyle  wrote : 

When  we  stand  at  any  point  near  the  edge  of  the  falls,  and  look 
up  the  course  of  the  stream,  the  foaming  waters  of  the  rapids  con- 
stitute the  sky  line.  No  indication  of  land  is  visible — nothing  to  ex- 
press the  fact  that  we  are  looking  at  a  river.  The  crests  of  the 
breakers,  the  leaping  and  the  rushing  of  the  waters,  are  still  seen 
against  the  clouds  as  they  are  seen  in  the  ocean,  when  the  ship  from 
which  we  look  is  in  the  trough  of  the  sea.  It  is  impossible  to  resist 
the  effect  of  the  imagination.  It  is  as  if  the  fountains  of  the  great 
deep  were  being  broken  up,  and  that  a  new  deluge  were  coming  on 
the  world.  The  impression  is  rather  increased  than  diminished  by 
the  perspective  of  the  low  wooded  banks  on  either  shore,  running 
down  to  a  vanishing  point  and  seeming  to  be  lost  in  the  advancing 
waters.  An  apparently  shoreless  sea  tumbling  toward  one  is  a  very 
grand  and  a  very  avvful  sight.  Forgetting,  then,  what  one  knows, 
and  giving  oneself  to  what  one  only  sees,  I  do  not  know  that  there 
is  anything  in  nature  more  majestic  than  the  view  of  the  rapids 
above  the  falls  of  the  Niagara. 

On  returning  to  Goat  island  the  visitor  may  take  the  reservation 
carriage  for  a  return  to  Prospect  park,  or  he  may  continue  his  walks 
around  or  across  Goat  island. 

In  front  of  Prospect  park  the  electric  cars  may  be  taken  to  cross 
the  river,  the  bridge-toll  which  every  foot  passenger  has  to  pay, 
being  included  in  the  car  fare. 

Views  from  the  Canadian  side 

The  Canadian  side  is  reached  either  by  bridge  or  by  the  steamer 
Maid  of  the  Mist.^  Every  visitor  to  the  falls  should  obtain  the  views 
from  the  Canadian  side,  which  are  in  many  respects  superior  to 
any  obtainable  on  the  New  York  side.  Several  rustic  arbors  have 
been  constructed  along  the  brink  of  the  gorge  in  Queen  Victoria 
park,  and  here  the  visitor  may  tarry  for  hours  and  not  weary  of 


*If  the  visitor  plans  to  take  the  belt  line  ride — Niagara,  Queenston, 
Lewiston — he  will  have  opportunity  to  stop  off  in  Queen  Victoria  park, 
and  need  not  make  a  special  crossing. 
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the  sights  he  beholds.  The  remarkable  vivid  green  of  the  water  of 
the  Horseshoe  falls  will  excite  the  observer's  interest,  and  question. 
Tyndall  observes  that,  while  the  water  of  the  falls  as  a  whole  ''bends 
solidly  over  and  falls  in  a  continuous  layer.  .  .  close  to  the 
ledge  over  which  the  water  rolls,  foam  is  generated,  the  light  falling 
upon  which,  and  flashing  back  from  it,  is  sifted  in  its  passage  to  and 
fro,  and  changed  from  white  to  emerald-green."^ 

Near  the  edge  of  the  Horseshoe  falls  are  the  remains  of  Table 
rock,  formerly  a  projecting  limestone  shelf  of  considerable  extent, 
and  a  favorite  view  point.  Huge  portions  of  this  rock  have  fallen 
into  the  gorge  at  various  times,  the  most  extensive  falls  occurring 
in  1818  and  1850,  with  minor  ones  between  and  since.  On  one  oc- 
casion some  forty  or  fifty  persons  had  barely  left  the  rock  before 
it  fell.  From  the  remaining  portion  of  this  rocky  platform  a  good 
near  view  of  the  Horseshoe  falls  is  obtained,  though  the  visitor  is 
apt  to  find  himself  in  a  drenching  shower  of  spray  at  almost  all 
times. 

Beyond  Table  rock,  in  the  upper  end  of  the  park,  and  on  the  Duf- 
ferin  islands  many  attractive  walks  are  to  be  met  with.  These  are 
generally  little  visited  and  afford  an  opportunity  for  solitude  and 
escape  from  the  crowds  of  sightseers.  Some  of  the  best  views  of 
the  rapids  above  the  falls  are  to  be  obtained  here.  A  wooded  clay 
cliff  bounds  the  park  on  the  landward  side,  generally  rising  steeply 
to  the  upland  plateau.  Here  on  July  25,  181 4,  the  memorable  battle 
of  Lundy'sLane  was  fought  between  the  British  and  the  Americans; 
"  within  sight  of  the  falls,  in  the  glory  of  the  light  of  a  full  moon, 
the  opposing  armies  engaged  in  hand-to-hand  conflict,  from  sun- 
down to  midnight,  when  both  sides,  exhausted  by  their  efforts,  with- 
drew from  the  field  ".^ 

At  the  head  of  the  park,  a  road  leads  to  the  upland,  where  is 
situated  the  famous  burning  spring.  The  inflammable  gas  which 
here  bubbles  through  the  water  of  the  spring  is  chiefly  sulfureted 
hydrogen,  but  the  quantity  is  such  as  to  produce  a  flame  of  con- 
siderable magnitude,  and  it  is  asserted  that  the  supply  has  not  di- 
minished for  the  hundred  years  or  more  that  the  spring  has  been 
known  to  exist.' 

^Loc.  cit. 

*  Porter. 

'An  admission  fee  is  charged  here. 
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The  gorge  below  the  falls 

.  The  gorge  of  the  Niagara  river  should  be  seen  from  both  sides. 
Here  as  elsewhere  the  pedestrian  with  abundant  time  has  the  best 
opportunity  to  see  the  numerous  interesting  and  attractive  features; 
but,  since  distances  here  are  considerable,  it  is  perhaps  more  ad- 
visable to  avail  one's  self  of  the  conveyances  afforded.^ 

The  best  view  of  the  gorge  is  afforded  by  going  down  the  river 
on  the  Canadian  side  and  returning  by  the  gorge  road.  In  this 
way  the  passenger  on  the  cars  gets  nearest  to  the  river,  particularly 
if  the  right  hand  scats  are  selected.  If  the  visitor  however  prefers 
to  go  down  the  river  on  the  gorge  road,  and  return  by  the  Canadian 
line,  let  him  choose  the  left  side  of  the  cars  as  nearest  to  the  river 
in  both  cases. 

After  passing  Clifton  on  the  Canadian  side,  and  the  last  of  the 
bridges  which  here  span  the  gorge,  the  observer  begins  to  have  a 
view  of  the  whirlpool  rapids,  which  even  from  this  elevation  have 
a  threatening  aspect.  It  was  through  these  rapids  and  through  the 
whirlpool  below,  that  the  first  Maid  of  the  Mist  was  safely  navigated 
in  1861,  having  at  the  time  three  men  on  board — a  feat  which  has 
never  been  repeated.  Through  this  same  stretch  of  rapids  Capt. 
Webb  made  his  fatal  swim, paying  for  the  foolhardy  attempt  with  his 
life.  After  passing  the  rapids  we  reach  the  whirlpool,  of  which  good 
views  are  afforded  from  many  places  along  the  top  of  the  bank.  After 
crossing  several  small  ravines,  that  of  Bowmans  creek  is  reached. 
This  ravine  is  a  partial  rcexcavation  of  the  old  drift  that  filled  St 
Davids  channel.-  From  the  upper  end  of  the  bridge  which  crosses 
the  ravine,  a  path  leads  down  to  the  water's  edge,  the  ravine  being 
one  of  singular  attractiveness  to  the  lover  of  wild  woodland  scenery. 
A  short  distance  beyond  the  bridge  is  the  Whirlpool  station  of  the 
electric  road.  Here,  from  a  little  shelter  built  on  the  extreme  point, 
fine  views  of  the  whirlpool  and  the  river  above  and  below  it  are 
obtained.  The  river  here  makes  a  right-angled  bend,  the  whirlpool 
forming  the  swollen  elbow.     In  the  rocky  point  projecting  from  the 


'The  visitor  will  do  well  to  purchase  a  belt  line  ticket,  which  entitles 
him  to  make  the  circuit  in  either  direction  and  to  stop  at  all  important 
points.  The  Canadian  scenic  route  will  take  him  alonj?  the  top  of  the  bank, 
while  the  gorge  road,  on  the  New  York  side,  takes  him  close  to  the  edge 
of  the  water. 

'Sec  map,  and  chapter  i. 
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bank  on  the  New  York  side  the  succession  of  strata  is  finely  shown^; 
and  from  this  point  northward  the  New  York  bank  exposes  a  nearly 
continuous  section  as  far  as  the  mouth  of  the  gorge  at  Lewiston. 

A  short  distance  below  the  whirlpool  we  reach  Foster's  flats,  or 
Niagara  glen,  as  it  is  more  appropriately  called.  This  is  visited  by 
comparatively  few  tourists,  though  it  is  one  of  the  most  attractive 
spots  along  the  gorge.^  It  marks  the  site  of  a  former  fall,  and^ 
besides  its  interest  on  that  account  deserves  to  be  visited  for  its 
silvan  beauty  and  its  wild  and  picturesque  scenery  of  frowning  cliff, 
huge  moss-covered  boulders  and  dark  cool  dells,  where  rare  flowers 
and  ferns  are  among  the  attractions  which  delight  the  naturalist, 
^lany  good  views  of  the  river  and  the  opposite  banks  may  here  be 
obtained,  and  the  student  of  geology  will  find  no  end  to  instructive 
features  eloquent  of  the  time  when  the  falling  waters  were  dashed 
into  spray  on  the  boulders  among  which  he  now  wanders.  After 
leaving  Niagara  glen  the  visitor  should  stop  at  Queenston  bights 
and  obtain  the  view  which  is  here  afifordcd.^  If  possible  the  more 
comprehensive  views  from  the  summit  of  Brock's  monument  should 
be  obtained.* 

After  descending  and  crossing  to  the  New  York  side,  one  may 
return  directly  by  the  gorge  road,  leaving  the  inspection  of  the 
fossiliferous  strata  for  another  day,  or  one  may,  after  a  rest  at  the 
hotel,  or  on  the  river  bank,  spend  some  hours  in  studying  the  sec- 
tions exposed  along  the  New  York  Central  railroad  cut.^ 

The  return  journey  l)y  the  gorge  road  is  one  of  great  interest,  as 
it  carries  the  visitor  close  to  the  rushing  waters  of  the  river.  Walk- 
ing along  the  roadbed  is  forl)i(lden,  and  stops  are  made  only  at  the 
regular  stations.'^  The  first  of  these  is  the  Devil's  hole,  a  cavern 
in  the  rock,  of  the  type  described  in  chapter  3  and  supposed  to  have 
figured  in  Indian  lore.  The  ravine  of  Bloody  run,  a  small  stream 
generally  dry  during  the  sunmier  season,  was  the  scene  of  a  fearful 
massacre  of  the  English  soldiers  by  the  Seneca  Indians  in  1763,  the 


^For  a  description  of  these,  see  chapter  3. 

^See  chapter  2. 

^See  chapter  i. 

*An  admission  fee  is  charged  here. 

"Waggoner's  hotel  near  the  Lewiston  suspension  bridge  makes  a  con- 
venient stopping  place,  specially  if  one  desires  to  visit  the  fossiliferous  sec- 
tions. The  Cornell,  at  the  ferry  landing,  opposite  the  Lewiston  railroad 
station,  is  also  recommended. 

^In  stopping  off,  be  sure  to  obtain  stop-over  checks  from  the  conductor. 
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whole  party  with  the  exception  of  two,  with  wagons  and  horses, 

being  driven  over  the  cliff  by  the  savages,  and  dashed  to  pieces  on 

the  rocks  below.     Xext  above  the  Devil's  hole  is  Ongiara^  park,  a 

picturesque  wooded  slope  opposite  the  southern  end  of  Foster's 

flats,   and   like   parts   of  that   region   are    dotted   with    enoimous 

blocks  of  limestone,  which  have  fallen  from  the  bank  above.     A 

short  distance  above  this  we  come  to  the  whirlpool,  where  a  stop  of 

some  time  can  profitably  be  made.     But  by  far  the  most  attractive 

place  at  which  to  stop  is  the  whirlpool  rapids.     The  water  which 

here  rushes  through  a  narrow  and  comparatively  shallow  channel, 

makes  a  descent  of  nearly  50  feet  in  the  space  of  less  than  a  mile, 

and   its  turbulence  and   magnificence  are  indescribable.     Seen  at 

night  by  moonlight,  or  when  illuminated  by  the  light  from  a  strong 

reflector,  the  spectacle  is  beyond  portrayal.     We  may  perhaps  not 

inaptly  apply  Schiller's  description  of  the  Charybdis  to  these  waters : 

Und  es  wallet  und  siedet  und  brauset  und  zischt, 
Wie  wenn  Wasser  mit  Feur  sich  mengt. 
Bis  zum  Himmel  spritzet  der  dampfende  Gischt, 
Und  Weir  auf  Well'  sich  ohn'  Ende  driingt, 
Und  wie  mit  des  fernen  Donner's  Getose, 
Entstiirzt  es  brullend  dem  finstern  Schosse. 

Fossiliferous  sections 

These  sections  are  to  be  seen  on  the  cut  of  the  New  York  Central 
and  Hudson  river  railroad,  Lewiston  l^ranch,  and  along  cuts  of  the 
Rome,  Watertown  and  Ogdensburg  railroad  at  Lewiston  bights. 
The  former  are  approachable  from  Lewiston  on  the  north  or  the 
Devil's  hole  station  on  the  south.  The  approach  from  Lewiston  is 
the  more  natural,  as  it  will  give  the  strata  in  ascending  order. 
Waggoner's  hotel  makes  a  convenient  starting  point.  Follow  the 
car  tracks  southward  to  where  a  road  leads  off  on  the  left.  Entering 
this,  a  wood-road  is  found  to  lead  off  on  the  right,  which  when  fol- 
lowed will  bring  you  on  the  terrace  formed  by  the  quartzosc  sand- 
stone l)cd,  and  on  which  the  bridge  towers  stand.  A  quarry  in  the 
white  sandstone  ])y  the  roadside  gives  an  opportunity  to  study  this 
rock,  which  is  practically  barren  of  fossils.  Beyond  this  the  tracks 
of  the  New  York  Central  railroad  are  reached,  which, after  traversing 
a  short  tunnel  hewn  out  of  the  Medina  sandstone,  bring  you  to  the 
sections  in  the  gorge  (plate  12).  Care  must  be  exercised  in  exploring 

^Oiic  of  the  40  ways  of  spelling  Niagara. 
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these  sections,  as  trains  are  frequent,  and  rockfalls  from  the  clifls 
are  among  the  daily  occurrences.  With  a  little  caution  however  the 
sections  may  be  studied  without  danger.  The  total  amount  of  walk- 
ing necessary  from  Waggoner's  hotel  to  the  Devil's  hole  is  about  3 
miles.  Near  the  upper  end  of  the  section,  where  the  track  enters  a 
rock  cutting,  a  steep  path  along  the  river  bank  leads  to  the  top  of 
the  rocky  plateau,  and  a  short  walk  along  the  top  of  the  bank  will 
bring  you  to  the  Devil's  hole  station.  One  may  also  climb  the 
bank  in  the  quarry  at  the  head  of  the  section,  and,  passing  along 
the  top,  reach  the  Devil's  hole  station  by  crossing  the  bridge  over 
the  rock-cut  before  mentioned.  At  the  Devil's  hole  station^  one 
may  either  take  the  surface  car,  which  runs  to  Niagara  falls  at  fre- 
quent intervals  (5c  fare),  or,  by  paying  the  admission  to  the  Devil's 
hole,  descend  to  the  gorge  road  and  continue  the  journey  to  the 
falls.     (A  ticket  or  50c  fare  is  required  here.) 

If  the  sections  are  approached  from  the  upper  end,  the  Devil's 
hole  station  may  be  reached  by  the  surface  electrics^  or  the  visitor 
may  leave  the  cars  of  the  gorge  road  at  the  lower  Devil's  hole 
station,  and,  paying  the  admission  fee,  ascend  the  banks  by  the 
stairs  and  paths.  The  path  from  the  Devil's  hole  station  to  the 
sections  leads  close  along  the  brink  of  the  gorge.  If  the  sections 
are  visited  in  the  forenoon,  the  investigator  will  find  himself  in  the 
shadow  of  the  cliffs,  which  is  most  grateful  on  a  warm  summer  day. 

The  sections  on  the  Rome,  Watertown  and  Ogdensburg  railroad 
are  reached  from  Waggoner's  hotel  by  paths  leading  up  **  the  moun- 
tain "  one  of  which  begins  on  the  New  York  Central  tracks  not  far 
north  of  the  tunnel. 

Geologic  nomenclature 

Geologic  time  is  divided  into  five  great  divisions,  based  on  the 
progress  of  life  during  the  continuance  of  each.     These  are: 
5  Cenozoic  time,  or  time  of  "  modern  life  " 
4  Mesozoic  time,  or  time  of  "  medieval  life  " 
3  Paleozoic  time,  or  time  of  "  ancient  life  " 
2  Proterozoic  time,  or  time  of  "  first  life  " 
I  Azoic  time,  or  time  of  *'  no  life  " 

*  Refreshments  may  be  obtained  here. 

^  These  electrics  run  from  near  Prospect  park  to  the  Devil's  hole  and  re- 
turn, at  short  intervals. 
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Each  of  these  time  divisions  is  farther  divided  into  great  eras, 
those  of  Paleozoic  time  being  given  in  the  annexed  table.  Each 
era  is  in  general  divisible  into  three  periods  of  time,  the  early,  mid- 
dle, and  later,  for  which  the  prefixes  palco  (or  co),  mcso  and  nco  are 
used.     The  farther  division  of  the  periods  is  into  ep)ochs. 

During  the  continuance  of  each  great  time  division  of  the  geo- 
logic history  of  the  earth,  riiore  or  less  extensive  rock  systems  were 
deposited,  wherever  the  conditions  were  favorable.  Thus  the  Paleo- 
zoic rock  system  is  that  deposited  during  Paleozoic  tim^.  That 
part  of  the  Paleozoic  rock  system  which  was  deposited  during  the 
Siluric  era,  is  called  the  Siluric  rock  series,  and  similarly,  the  name 
of  each  of  the  other  great  eras  is  also  applied  to  the  rock  series 
deposited  during  its  continuance.  In  like  manner  each  geologic 
period  has  its  corresponding  group  of  rocks  deposited  during  its  con- 
tinuance. These  rock  groups  and  their  farther  subdivision  into 
stages  have,  in  New  York,  received  local  names,  the  name  of  the 
locality  w-here  the  rocks  are  best  developed  being  selected.  The 
rocks  formed  during  Proterozoic  and  Azoic  time  are  generally 
spoken  of  as  pre-Cambric. 

The  following  table  embodies  the  result  of  the  latest  studies.^ 
The  thicknesses  are  chiefly  obtained  from  well  records  published  by 
Prof.  I.  P.  Bishop.  The  relations  of  these  strata  to  each  other  in 
this  region  are  shown  in  the  north  and  south  section  from  Canada  to 
the  New  York-Pennsylvania  line,  presented  in  fig.  i. 

Ever  since  the  days  of  Lyell  and  Hall  the  life  history  of  Niagara 
and  the  origin  of  the  Great  lakes  has  engaged  the  attention  of 
geologists  the  world  over.  Among  the  names  prominent  in  con- 
nection with  studies  of  the  geology  of  Niagara  in  one  or  more  of 
its  aspects,  may  be  mentioned  those  of  Bishop,  Clarke,  Claypole, 
Davis,  Fairchild,  Gilbert,  Hall,  Hitchcock,  Lesley,  Lyell,  Newberry, 
Pohlman,  Ringueberg,  Shaler,  Spencer,  Tarr,  Taylor,  Upham  and 
Wright,  besides  a  host  of  others. ^ 

*  Clarke  and  Schuchert.  Science,  n.  s.  Dec.  15,  1899,  10:3.  It  will  be 
found  to  differ  in  some  respects  from  the  table  published  in  the  author's 
Geology  of  Eighteen  Mile  creek,  etc. 

*In  the  field  work  I  have  had  the  efticient  assistance  of  my  friend  Mr  R.  F. 
Morgan  of  Buffalo. 
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Geologic  map 

A  few  words,  descriptive  of  the  accompanying  geologic  map  may 
be  added. 

The  topography  is  indicated  chiefly  by  contour  Hnes.  These 
Hnes  are  20  feet  apart,  and  each  connects  the  points  which  have  the 
same  elevation  above  sealevel.  Thus  wherever  the  300  foot  con- 
tour line  occurs,  every  point  along  that  line  is  supposed  to  be  300 
feet  above  sealevel.  Tlie  level  of  Lake  Ontario  is  247  feet  above 
the  sea;  therefore  the  hight  of  any  point  above  Lake  Ontario  can  be 
calculated  from  the  contours.  Where  the  contours  are  close 
together,  the  slope  of  the  country  is  steep;  where  far  apart,  it  is 
gentle. 

The  various  color  patterns  indicate  what  geologic  formations 
would  be  shown  on  the  surface  of  any  given  area,  if  the  drift  cover- 
ing were  removed.  The  beds  of  this  region  all  dip  gently  south- 
ward; and,  as  we  proceed  northward,  the  lower  beds  rise  from 
beneath  the  covering  of  the  higher.  Wher^  steep  cliffs  occur,  as 
in  the  gorge  of  the  river  or  at  Lewiston  or  Queenston,  the  lower 
beds  crop  out  beneath  the  upper  ones  for  only  a  very  short  space; 
hence  they  appear  on  the  map  as  narrow  color  bands  only.  The 
character  of  the  outcrops  in  the  buried  St  Davids  channel  is  only 
approximately  delineated,  to  the  extent  indicated  by  well  borings. 
It  is  probably  much  more  irregular  than  is  shown. 

The  outlines  of  the  edges  of  the  various  beds  from  Lewiston  east- 
ward are  taken  from  a  map  by  G.  K.  Gilbert,  the  man  who  more 
than  any  other  is  identified  with  geologic  studies  at  Niagara.  The 
outcrops  of  the  Onondaga  and  waterlime  beds  are  taken  from  a  map 
by  Prof.  L  P.  Bishop.  For  the  other  outlines  the  author  h  responsi- 
ble. 

A  fczv  statistics^ 

Hight  of  American  falls,  Oct.  4,  1842  167.7      ^^^^ 

"      Horseshoe  falls,         "  ^158.5 
Mean  total  recession  of  American  falls  between  1842 

and  1890  30-75        " 

Xhiefly  from  the  annual  reports  of  the  commissioners  of  the  state 
reservation. 

'The  hights  vary  from  4  to  20  feet  with  the  elevation  of  the  water  in 
the  river  below  the  falls. 
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Mean  annual  recession  of  American  falls  between 

1842  and  1890 
Mean  total  recession  of   Horseshoe  falls   between 

1842  and  1890 
Mean  annual  recession  of  Horseshoe  falls  between 

1842  and  1890 
Length  of  crest  line  of  American  falls  in  1842 

in  1890 
"  Horseshoe  falls 

in  1842 
in   1890 
Total  area  of  rock  surface  which  has  disappeared 

at  the  American  falls  between  1842  and  1890 
or 
Total  area  of  rock  surface  which  has  disappeared 

at  Horseshoe  falls  between  1842  and  1890 
or 

These  changes  are  graphically  show'n  in  the  successive  crest  lines 
of  the  Horseshoe  falls,  given  in  fig.  19,  p.  81. 
Volume  of  water  passing  over  the  falls  each 

minute^  22,440,000  cu.  ft 

or  1,402,500,000  pounds 

or  more  than  7,000,000  tons 

Depth  of  water  in  the  channel  of  Niagara  river  below  the  falls^: 
(see  fig.  18) 

At  foot  of  Horseshoe  falls  (center)  150  to  200  feet 

Upper  Great  gorge,  from  the  falls  to  the  beginning 

of  the  Whirlpool  rapids  (from  soundings)  160  to  190 

Whirlpool  rapids  35 

Whirlpool  150 

Outlet  of  whirlpool  50 

Opposite  Wintergreen  flat  35 

Below  Foster's  flats  70 


32,900  sq.  ft 
.755  acres 

275,400  sq.  ft 
6.32  acres 


n 


(C 


(/ 


« 


« 
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^Blackwell,  Am.  jour.  sci.  1844,  46  :  67. 

''Estimated  by  Gilbert.     Am.  geol.  1896,  18  :  232-33  and  elsewhere. 
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Width  of  Niagara  gorge^  (approximate): 
Opposite  the  extreme  west  end  of  Goat  island,  and 

just  in  front  of  the  Horseshoe  falls 
Opposite  the  center  of  the  American  fall 
Opposite  inclined  railway 
Between  carriage  and  railroad  bridges,   narrowest 

point  midway  between  the  two 
Just  south  of  railroad  bridges 
Gorge  of  the  whirlpool  rapids 
loo  rods  south  of  south  side  of  whirlpool 
Same  at  water  line 
Inlet  to  whirlpool 
Same  at  water  line 
Outlet  of  whirlpool 
Same  at  water  line 
South  of  Ongiara  park 
Just  south  of  Wintergreen  flat 
River  opposite  Foster's  flats  (bottom) 
Just  south  of  Foster's  flats  (top) 
North  of  Devil's  hole 
At  the  tunnel  on  the  New  York  Central  railroad 

(plate  12) 
Average  width  below  Lewiston 


1250  feet 

1700  ' 

1350  ' 

1000-1350  * 

950  ' 

700-750  ' 

1200  * 

850  ' 

1000  * 

550  ' 

900  ' 

450  ' 

1300  ' 

1600  * 

300  ' 

1700  * 

1000  * 

1300  * 

2000  * 

'Chiefly  after  Taylor.     Bui.  geol-  soc.  Am.  9  :  61-65.     Top  width  is  given 
unless  otherwise  stated. 
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Chapter  i 

PHYSICAL  GEOGRAPHY  OF  THE  NIAGARA  REGION 
The  physical  geography  of  the  Niagara  region  is  of  a  relatively 

simple  type,  its  main  topographic  features  being  readily  interpreted. 

Unfortunately    no    very   satisfactory   birdseye   view    of   the   entire 


Fig.  2  Birdseye  view  of  the  Niagara  region.  (After  Gilbert)  The  Niagara  escarpment  Is  shown 
In  the  foreground,  with  the  lower  plain  sloping  t<»  Lake  Ontario.  The  third  upland  belt  is  shown  in 
the  distance  beyond  Lake  Erie.  The  second  escarpment  Immediately  north  of  Lake  Erie,  is  not 
ihown. 

region  can  be  obtained  from  any  of  the  elevated  points  of  the  dis- 
trict; for  the  chief  features  are  delineated  on  a  scale  too  vast  to  be 
visible  from  a  single  vantage  point.  The  best  available  spot  from 
which  a  comprehensive  view  may  be  obtained  is  the  summit  of 
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Brack's  moanment,  which  commands  the  higfats  above  Quccnstoii, 
on  rhe  Canadian  side  of  the  lirer.  Looking  northward  bom  tfiis 
eievanon.  the  observer  sees  an  ahnost  level  plain,  cot  oohr  bv  the 
wiiuiing  lower  Niagara*  stretchiz^  from  the  toot  of  a  proooiinccd 
and  Often  precipitoas  escarpment  to  the  shores  of  Lake  Ontario,  7 
miles  away.  Ordinarily  the  distant  northern  shore  of  the  lake  is 
not  readily  recognized  by  the  unaided  eye,  though  on  clear  days  a 
ainc  streak  of  land  may  be  seen  between  sky  and  water  on  the  dis- 
ranc  horizon.  A  good  field  glass  however  will  generally  disclose 
the  (Opposite  shore,  and  the  much  eroded  cliffs  of  ScarborcK^fa.  Far 
beyond  these,  folly  a  hundred  miles  to  the  north  of  the  observer,  the 
cryscalline  rocks  of  the  Laurentide  mountains  rise  from  beneath  their 
covering  of  Paleozoic  strata,  as  formerly  they  rose  above  the  ^alcis 
of  rhe  Paleozoic  sea.  These  ancient  Canadian  highlands,  together 
with  the  Adirondack  mountains  of  Xew  York,  and  the  old  crystal- 
line regions  of  the  Appalachians,  constitute  the  chief  visible  rem- 
nants of  the  old  pre-Cambric  Xorth  .\merican  continent.  The 
erosion  of  these  ancient  lands  has  furnished  much  of  the  material 
from  which  beds  of  later  date  in  this  region  were  derived.  Some  of 
these  beds  may  be  seen  in  the  sections  cut  by  the  rivers  through 
the  deposits  in  comparatively  recent  times,  and  no  more  instruc- 
tive example  than  the  gorge  of  the  Niagara  need  be  cited. 

In  the  hanks  of  the  lower  Niagara  gorge  may  be  seen  the  cut 
evl^fes  of  the  red  shales  and  sandstones  of  the  Medina  group,  the  bril- 
liant color  oi  which  is  in  striking  contrast  \\-ith  the  greenish  blue  of 
rhe  water,  anil  the  tiarker  green  of  the  foliage  which  fringes  its 
Sr/iers.  The  plain  alv^ve  is  dotteti  with  farms,  orchards  and  ham- 
'.e:s.  an^!  is  one  of  the  ricliest  agricultural  and  fruit  districts  of  the 
::nT.zr\.  In  the  forogroiuul,  on  opposite  l^anks  of  the  river,  lie  the 
>'.s:er  towns  of  Onoonston  ami  Lowiston.  former  rival  guardians 
::  :':.t  V.czd  of  navigation  oi  the  lower  Niagara,  but  now  for  the 
>c\:  r.  1  :::r.e  joinotl  by  hands  of  siocl  across  the  inter\-ening  gulf. 
rir.'r.cr  down  the  stream  Niagara-on-ihe-I-ake  and  Youngstown 
T  AT-  respectively  the  left  and  right  hank  of  the  river.  These  four 
z.^r.y  of  the  lower  Niagara,  hold  daily  communication  by  ferrj', 
r^'.zijrr.TF  >k:  or  electric  railway:  the  last  and  the  steam  railway  keep- 
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ing  them  in  touch  with  the  cities  of  the  upper  Niagara  and  the  world 
at  large.  This  office  is  also  performed  by  the  well  appointed  steam- 
boats which  ply  the  lower  Niagara,  and  carry  passengers  across 
Lake  Ontario,  to  and  from  Toronto,  the  capital  and  metropolis  of 
the  province  of  Ontario.  As  these  steamers  enter  or  leave  the 
Niagara  river,  they  pass  Forts  Massassauga  and  Niagara  which 
stand  guard  on  opposite  shores  at  the  mouth  of  the  river.  The 
latter  fort  was  established  in  1678,  and  is  rich  in  historic  associations, 
while  the  Canadian  fort  is  the  modern  successor  of  old  Fort  George, 
which  was  destroyed  during  the  war  of  181 2. 

When  the  observer  on  the  Brock  monument  turns  to  the  west 
or  to  the  east,  he  sees  the  escarpment  on  which  he  stands,  and  the 
plain  at  its  foot  stretching  in  either  direction  beyond  his  field  of 
view.  The  continuity  of  the  escarpment  is  broken  at  intervals  by 
ravines  or  gorges  which  dissect  it,  the  most  pronounced  of  these 
being  the  Niagara  gorge  in  the  immediate  foreground.  Westward 
from  Queenston  the  escarpment  is  practically  continuous  for  more 
than  3  miles,  when,  at  the  little  town  of  St  Davids,  it  is  seen  to 
recede  abruptly,  and  a  gap  over  a  mile  in  width  intervenes,  beyond 
which  it  continues  in  force,  with  only  minor  interruptions,  to  Hamil- 
ton (Ont.),  40  miles  west  of  the  Niagara  river.  The  gap  at  St 
Davids  marks  an  ancient  valley  or  gorge  cut  into  the  upland 
plateau  which  terminates  at  the  escarpment.  This  old  valley  is 
traceable  southeastward  as  far  as  the  whirlpool,  in  the  formation  of 
which  it  has  played  a  prominent  part.  It  is  filled  throughout  its 
greater  extent  by  sand  and  clay,  into  which  modern  streams  have 
cut  gullies  of  greater  or  less  magnitude. 

Beyond  St  Davids,  the  escarpment,  though  indented  by  numerous 
streams,  is  as  stated,  continuous  to  Hamilton  (Ont.).  Here  a  larger 
and  more  pronounced  interruption  occurs,  the  escarpment  being 
breached  by  a  broad  and  deep  channel,  locally  known  as  the  Dundas 
valley.  This  ancient  channel,  with  an  average  width  of  2  miles  or 
more,  is  traceable  westward  for  a  number  of  miles,  when  it  becomes 
obliterated  by  drift  deposits.  Beyond  the  breach  made  by  the  Dundas 
valley,  the  escarpment  continues  in  force,  its  direction  however  hav- 
ing changed  to  west  of  north,  or  nearly  at  right  angles  to  its  direc- 
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tion  south  of  Lake  Ontario.  The  eastern  face  of  the  Indian  penin- 
sula between  Georgian  bay  and  Lake  Huron  and  the  bold  bluflP  of 
Cabot*s  head  mark  the  northward  extent  of  this  escarpment,  which, 
after  an  interruption  by  a  broad  transverse  channel,  is  farther  trace- 
able in  the  northern  slope  of  the  Manitoulin  islands.  Eastward  the 
escarpment  continues  to  the  vicinity  of  Lockport,  where  its  con- 
tinuity is  interrupted  by  two  pronounced  gulfs,  through  one  of  which 
the  Erie  canal  descends  to  the  lowland  of  Lake  Ontario.  Bevond 
Lockport  the  escarpment  becomes  less  pronounced;  at  first  it  sep- 
arates into  several  minor  steps  or  terraces  and  later  it  is  replaced  by 
a  more  or  less  continuous  and  gentle  slope.  Beyond  the  Genesee 
river  it  is  no  longer  distinguishable,  the  surface  of  the  country'  as- 
cending gently  and  uniformly  from  Lake  Ontario  southward. 

Turning  now  toward  the  south,  the  observer  sees  a  second  plain 
extending  from  the  ti\^Q  of  the  Niagara  escarpment  to  where  its 
continuity  is  blended  with  the  horizon.  This  plain  is  not  as  uni- 
form as  the  Ontario  plain,  which  is  fully  200  feet  below  it,  and  it  is 
sharply  divided  by  the  Niagara  gorge,  from  its  northern  edge  at  the 
escarpment  to  where,  in  the  distance,  a  cloud  of  spray  marks  the 
location  of  the  great  cataracts.  In  the  walls  of  the  gorge  can  be 
seen  the  cut  edges  of  the  strata  which  enter  into  the  structure  of 
this  higher  plain,  and  attentive  observation  will  reveal  the  fact,  that 
the  uppermost  of  these  is  a  firm-looking  limestone  bed,  which  in- 
creases perceptibly  in  thickness  toward  the  north.  This  thickenings 
of  the  capping  limestone  bed,  whose  upper  surface  is  essentially 
level,  brings  out  a  fact  not  otherwise  readily  noticed,  namely  that  the 
strata  all  have  a  gentle  inclination  or  dip  to  the  south.  The  surface 
of  the  upper  plain,  aside  from  minor,  mainly  local  irregularities,  is 
essentially  level,  scarcely  rising  above  the  600  foot  contour  line* 
This  is  the  elevation,  above  the  sea,  of  the  base  of  Brock's  monu- 
ment, and  it  is  the  average  elevation  of  the  plain  in  the  vicinity  of 
Buffalo,  the  location  of  which,  20  miles  to  the  south,  is  indicated  by 
a  perpetual  cloud  of  smoke  above  the  horizon.^ 


*A  very  satisfactory  view  of  the  level  character  of  this  plain  is  obtained 
during  a  ride  by  rail  from  Niagara  Falls  to  Lockport,  and  thence  by  train 
or  electric  car  to   BufTalo. 
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For  many  miles  to  the  east  and  west  of  the  Niagara  river  the 
plain  does  not  change  perceptibly  in  elevation.  Nevertheless,  there 
is  a  gradual  eastward  descent,  till,  on  the  Genesee  river,  the  surface 
of  the  plain,  where  not  modified  by  superficial  deposits,  is  fully  a 
hundred  feet  lower  than  at  Niagara.  Westward  the  plain  rises 
gradually,  its  elevation  near  Hamilton  averaging  500  feet  above 
Lake  Ontario,  or  considerably  more  than  700  feet  above  the  sea. 

Owing  to  the  southward  inclination  of  the  strata  of  this  region, 
the  limestone  bed  which  forms  the  capping  rock  at  the  escarpment, 
eventually  passes  below  the  level  of  the  plain,  having  previously  in- 
creased in  thickness  to  over  200  feet.  The  disappearance  of  the 
limestone  as  a  surface  rock  occurs  near  the  northern  end  of  Grand 
island,  as  shown  by  the  accompanying  geologic  map,  and  from  this 
point  southward  the  surface  rock  is  formed  by  the  soft  gypsiferous 
and  salt-bearing  shales  of  the  Salina  group,  which  overlie  the  lime- 
stone and  in  turn  pass  below  the  higher  strata  in  Buffalo,  where 
beds  of  limestone  again  become  the  surface  rock.  Throughout  the 
area  where  the  shales  form  the  surface  rock,  the  plain  is  deeply  ex- 
cavated on  both  sides  of  the  Niagara  river,  a  longitudinal  east  and 
west  valley,  now  largely  filled  by  surface  accumulations  of  sand  and 
gravel,  being  revealed  by  borings.  Tonawanda  creek  occupies  this 
valley  on  the  east,  though  flowing  on  drift,  considerably  above  its 
floor,  and  Chippewa  creek  occupies  it  in  part  on  the  west  of  the  Ni- 
agara river.  This  valley,  as  will  be  shown  later,  can  be  traced  west- 
ward into  Canada  and  eastward  to  where  it  joins  the  Mohawk  valley, 
with  which  it  forms  the  great  avenue  of  communication  across  the 
state  of  New  York.  The  northern  boundary  of  the  Tonawanda  and 
Chippewa  valleys  is  formed  by  a  limestone  cliff  similar  to,  though 
less  pronounced  than,  the  Niagara  escarpment.  This  cliff,  gen- 
erally known  as  the  second  limestone  terrace  of  western  New  York 
(the  Niagara  escarpment  being  the  first),  is  formed  by  the  upper 
Siluric  limestones  (Waterlime  and  Manlius  limestone)  and  the  Onon- 
daga limestone  of  the  Devonic  series.  The  latter  is  a  very  durable 
rock  and  hence  it  forms  a  very  resistant  capping  stone.  This  es- 
carpment is  scarcely  visible  at  Black  Rock,  where  it  is  crossed  by  the 
Niagara  river,  for  here  it  is  low,  and,  in  addition,  extensive  drift 
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accumulations  have  obliterated  its  topographic  relief.  Eastward 
and  westward  however  it  becomes  prominent.  A  drive  along  Main 
street  from  Buflfalo  to  Akron  at  the  Erie  county  line  will  reveal  the 
fact  that  it  gradually  increases  in  hight  and  boldness,  till  at  the 
latter  place  it  rises  nearly  a  hundred  feet  above  the  Tonawanda  val- 
ley, which  itself  is  drift  filled  to  a  not  inconsiderable  extent.  If  we 
trace  this  escarpment  into  eastern  New  York,  we  find  it  progress- 
ively increasing  in  hight,  owing  to  the  interpolation,  between  the 
ManHus  and  Onondaga  limestones,  of  the  thick  beds  of  the  Helder- 
bergian  series,  which,  with  the  other  lower  Devonic  beds,  are 
entirely  absent  in  the  Niagara  region,  where  their  place  is  marked 
by  an  unconformity.     {Sec  figs.i  and  21-24) 

If  the  observer  changes  his  position  to  some  elevated  point  near 
Buffalo,  he  may  note  that  the  plain  which  extends  southward  from 
the  edge  of  the  second  escarpment,  presents  again  a  scarcely  modi- 
fied and  almost  level  surface,  which  south  of  Buffalo  gently  de- 
scends to  a  third  lowland,  that  of  Buffalo  creek  and  Lake  Erie. 
Like  the  other  lowlands,  this  one  is  carved  out  of  soft  rocks  (Mar- 
cellus  and  Hamilton  shales)  and  has  subsequently  been  filled  to 
some  extent  by  drift  deposits.  This  has  been  proved  by  borings 
which  show  that  the  bedrock  in  the  valley  of  Buffalo  creek  is  83 
feet  belovy  the  surface  of  Lake  Erie.^  There  are  other  excellent 
reasons  for  believing  that  the  western  end  of  this  lowland,  now  occu- 
pied by  Lake  Erie,  was  once  considerably  lower  than  at  present. 

On  the  south  the  Erie  lowland  is  defined  by  a  range  of  hills,  the 
northern  edge  of  the  great  Allegany  plateau,  which  forms  the  high- 
lands of  southern  New  York  and  northern  Pennsylvania.  There 
are  no  very  pronounced  declivities  in  the  northern  edge  of  this 
plateau  in  the  Lake  Erie  region,  ovying  no  doubt  to  the  relatively 
uniform  character  of  the  rocks  composing  it,  there  being  no  re- 
sistant capping  bed  of  sufficient  magnitude  to  produce  an  escarp- 
ment. Farther  east,  however,  owing  to  the  increasing  thickness  of 
the  beds  and  their  more  resistant  character,  a  prominent  escarp- 
ment is  developed,  which  near  the  Hudson  unites  with  the  escarp- 
ment of  the  lower  series,  and  with  it  constitutes  the  prominent  Hel- 

^Pohlman.     Life  history  of  Niagara.     1888.     p.  4. 
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derberg  range,  which  culminates  in  southeastern  New  York  in  the 
high  plateau  of  the  Catskills.  The  Allegany  plateau  is  everywhere 
much  dissected  by  streams  whose  gorges  have  made  the  scenery  of 
southern  New  York  famous. 

We  have  now  seen  that  the  topographic  features  of  the  Niagara 
district  are  arranged  in  a  series  of  six  east  and  west  extending  belts 
of  alternating  lowlands  and  terraciform  elevations.  The  lowlands 
are  the  Ontario,  Tonawanda-Chippewa,  and  Erie,  the  uplands  are 
defined  by  the  Niagara  escarpment,  the  Onondaga  escarpment  and 
the  hills  of  southern  New  York  which  constitute  the  northern  edge 
of  the  Allegany  plateau.  The  northern  boundary  of  this  belted 
country  is  formed  by  the  old  Canadian  highlands. 

We  must  now  briefly  consider  the  various  strata  of  which  the 
area  under  consideration  is  constructed,  their  origin,  and  the  man- 
ner in  which  the  topographic  features  of  this  region  were  produced. 
A  brief  review  of  the  table  of  Paleozoic  strata,  given  on  pages  20 
and  21,  will  be  helpful  to  an  understanding  of  the  succeeding  pages. 

Development  of  the  Paleozoic  coastal  plain 

The  Laurentian  old-land  is  composed  of  rocks  older  than  the 
Cambric  period  of  the  earth's  history.  These  are  largely  of  igneous 
origin,  and  such  as  were  originally  sediments  have  generally  suf- 
fered much  alteration  through  heat,  pressure  and  other  causes,  and 
in  most  cases  have  assumed  a  more  or  less  crystalline  character. 
Though  many  of  these  pre-Cambric  rocks  may  show  apparent 
stratification,  the  present  attitude  of  the  beds  does  not  often  bear 
a  close  relation  to  their  original  condition.  Indeed,  these  ancient 
rocks  are  generally  much  disturbed,  their  beds  folded  and  flexed, 
and  their  laminae  much  contorted.  Nor  do  the  layers  of  the  pre- 
Cambric  rocks  bear  any  normal  relation  to  those  of  later  date,  the 
two  series  being  wholly  discordant  with  each  other.  The  older  beds 
are  much  worn,  vast  portions  of  the  ancient  folds  having  been  swept 
away  by  erosion,  and  on  the  truncated  edges  of  the  remaining  por- 
tions the  newer  strata  were  deposited  in  an  essentially  horizontal 
position.  This  unconformity  of  relation  between  the  newer  and 
older  strata  is  a  marked  feature  wherever  the  two  series  are  ex- 
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hil>iied  in  contaa  with  each  other.  Generally  the  older  rocks  have 
l»etTi  worn  dow-n  to  an  undulating:  plain  lor  peneplains  and  the 
sorceediru:  beds  made  from  the  fragments  which  were  worn  from 
thf  cOd  land. 

In  thr  area  under  consideration,  the  ancient  erosion  sOT&ce  of 
prt*-Cambric  rocks  was  overspread  by  a  deposit  of  sand  and  occas- 
i email  \  (Travel,  uhich  commonly  possesses  characteristics  pointings 
ic»  a  \tT>  lc»ca]  orii^in.  Thus  the  pebbles  found  in  the  lowest  layers 
ui  \hv  ci.»verinjj  sands,  i.  e.  the  Potsdam  sandstone,  are  sometiines 
I  if  ihr  sami*  liihic  character  as  the  cr\'stalline  rocks  near  by. 
The  I*L»isdam  sandstone  is  a  shallow- water  rock,  and  during  its 
111 iiuiinlaiJL»n  a  prv^»|n't*>isivc  subsidt^ce  of  the  sea  floor  took  place, 
lhLl^  allowing:  ihr  deposition  of  beds  of  considerable  thickness. 
Thir  *LiliMdtTicr  hrv>iii?hi  wiih  i:  a  r»or:hwarc  rr.iirration  of  the  shore 
liiir  oi  ihr  >ra.  m'  ihai  ihc  rep  or.  o:  the  former  coast  line  gradually 
liCiaiiic  nk»rr  rcnioic  frv^ni  :hc  short.  As  a  ccctsequence,  land- 
..IcTivr.J  Tiiaunal  bi\Mmc  3es>  :;b;:r)ciar.:  :r,  this  or-shore  district. 
Ik.hl  ..IrjinMinl  niamlx  alon:^  :hc  uew  coas:  -irst.  whOt  ianher  out 
!••  >th  ^uLiiii\n\y  ilcpv»MT>.  rrsv.h'.ni:  :r.  rcn  rrr»r.:  :he  shells  of  organ- 
irii:?  tic'vanit  Tclaiivrlv  mv>rr  abi:r»..>,r.:  A  prof-k  through  the 
^ITiila  ..1  liar  TrcMt'ii    m!. !i  ;*>  w .v.'vl  bi  .^b::::??^/.  :":  a  well  or  shaft 
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The  Utica  shales  and  the  arenaceous  Lorraine  shales  which  fol- 
low on  the  Trenton  limestones  show  a  return  of  land-derived  de- 
posits due  probably  to  a  shoaling  of  the  water.  This  may  have  been 
caused  by  an  upward  movement  of  the  sea  bottom  or  by  a  partial 
withdrawal  of  the  water  into  deepening  oceanic  basins.  Some 
abrupt  change  is  indicated  by  the  sudden  transition  from  limestone 
to  black  shale.  Another  abrupt  change  occurred  at  the  close  of  the 
Ordovicic  era,  as  indicated  by  the  marked  contrast  between  the 
Lorraine  shales  and  the  Oneida  and  Medina  beds  which  immediately 
succeed  them. 

The  Siluric  deposits  of  this  region  began  as  shallow  water  accumu- 
lations, the  lowest  bed  being  the  Oswego  sandstone,  which  farther 
east,  is  replaced  by  the  conglomerates  of  Oneida  county  and  the 
Shawangunk  range.  The  marls  and  shales  of  the  Medina  series 
succeed  these  sandstones  with  an  aggregate  thickness  exceeding 
1 1 00  feet.  A  heavy  stratum  of  gray  quartzose  sandstone,  varying 
in  thickness  up  to  25  or  30  feet,  separates,  in  the  Niagara  region, 
the  lower  from  the  upper  Medina  shales  and  sandstones,  which  have 
an  approximate  thickness  of  100  feet.  The  Clinton  shales  and 
heavy  limestones  follow  on  the  Medina,  with  a  thickness  averaging 
30  feet.  The  Rochester  shales,  with  a  thickness  of  60  to  70  feet, 
follow  the  Clinton  limestones  and  are  in  turn  succeeded  by  the  Lock- 
port  limestone,  whose  average  thickness,  obtained  from  well  records, 
approximates  250  feet  in  this  region.  The  Salina  shales  succeeding 
the  Niagara  beds  (Rochester  shales  and  Lockport  limestone)  have 
an  aggregate  thickness  of  less  than  400  feet,  and  are  followed  by  the 
Waterlime  and  the  Manlius  limestone,  the  former  averaging  50  feet 
in  thickness,  the  latter  from  7  to  8  feet.  The  lowest  Devonic  beds 
are  absent  in  this  region,  the  Onondaga  limestone  resting  directly 
on  the  Manlius  beds,  there  being,  as  before  noted,  an  important 
though  not  very  pronounced  unconformity  between  the  two.  A 
glance  at  the  geologic  map  of  this  region  will  reveal  the  fact  that  the 
lower  strata  rise  from  under  the  covering  newer  beds  on  the  north, 
and  occupy  a  belt  of  country  of  greater  or  less  width  according  to 
the  thickness  of  the  beds.  Where  they  come  to  an  end,  the  next  lower 
beds  make  their  appearance.     The  discontinuation  of  the  higher 
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beds  northward  is  due  to  a  thinning  out  of  the  exposed  portioti  of 
the  strata,  as  can  be  readily  seen  in  the  Lockport  limestone  bed^ 
which  is  less  than  30  feet  thick  at  Lewiston,  but  more  than  80  Seet 
at  the  £alls,  increasing  in  thickness  southward  to  250  feet  or  more. 
Wliere,  however,  the  strata  are  not  exposed  on  the  surface,  L  e^ 
where  they  are  only  shown  in  sections  under  cover  of  the  overlying^ 
rock,  no  such  thianing  is  seen.  This  may  be  observed  in  tfie  case 
of  the  Clinton  beds  and  the  upper  Medina  sandstones.  In  some 
cases  these  beds  are  seen  to  even  thin  southward,  as  proved  by  bor- 
ings. The  thinning  of  tliese  strata  does  not.  as  is  often  assumed^ 
mark  the  original  thinning  of  the  beds  toward  the  shore  on  the 
north,  but  is  evidently  due  to  erosion.  A  brief  resume  of  the  origlix 
of  the  various  strata  will  make  this  clear. 

The  Medina  sandstone  is  an  ancient  shore  and  shallow  water  de^ 
posit,  as  will  be  more  fully  pointed  out  in  chapter  3*  The 
sands  and  gravels,  which  with  some  finer  muds,  make  up  tiUs 
rock,  are  all  derived  from  some  preexisting  land.  The  only 
source  of  supply  was  the  old  Laurentian  land  on  die  north 
and  the  Appalachian  old-land  on  the  south.  It  is  true  that^ 
owing  to  die  elevation  at  the  beginning  of  Siluric  time,  some 
of  the  pre-Siluric  stratified  rocks  may  have  been  raised  above  the 
sealevel  and  added  to  the  old-land,  and  that  part  of  the  Medina 
sands  may  have  been  derived  from  these.  Even  then  the  largest 
amount  of  detritus  was  probably  derived  from  the  crystalHne  old- 
lands,  the  proGjessive  accumulatiion  of  1200  feet  of  Medina  rock 
marking  a  corresponding  subsidence  and  a  concomitant  encroach- 
ment of  the  seashore  oi  the  Medina  sea  on  the  old-land.  Thus  the 
Meflina  deposits  gradually  overlapped  the  Ordovicic  and  Cam- 
bric (i(»posits  and  probably  eventually  came  to  rest  entirely  on  the 
crystalline  pre-<  .'ambric  rocks.  Continued  subsidence,  at  least  in 
the  Niagara  n»^ion,  produced  the  purification  of  the  water,  so  that 
('ventualh'  the  limestones  ni  the  (Jlinton  epoch  could  be  formed  in  a 
rei^fion  remote  tVum  that  in  which  terriTG^enc:ms  material  was  ac- 
cnnmlating.  This  was  likewise  true  of  the  Lockport  limestone. 
w]ii(^ii  was  flepo^iterl  after  an  interv^al.  durinj^^  which  the  calcareous 
>liales    -ii'paratinq^    the*   two   limestone    series   accumulated.     While 
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these  deposits,  particularly  the  limestones,  point  to  a  considerable 
distance  from  the  shore  line,  we  are  by  no  means  at  Hberty  to  as- 
sume that  no  shore  formations  accumulated  during  this  period.  In 
fact,  it  would  be  difficult  to  understand  the  non-accumulation  of  ter- 
rigenous material  along  the  shores  of  any  land  during  any  period  of 
the  earth's  history  unless  such  land  was  without  even  moderate 
relief.  As  will  be  shown  in  chapter  3  there  are  reasons  for  suppos- 
ing that  a  considerable  land  barrier  existed  in  the  north  as  well 
as  the  east  and  southeast,  and  thus  w^e  may  assume  that  shore  de- 
posits of  terrigenous  material  were  formed  while  the  limestones  w^re 
accumulating  in  the  clearer  waters.  That  the  shores  of  this  period 
did  not  consist  of  Medina  sandstone  is  indicated  by  the  absence  of 
any  such  material  in  the  shales  of  either  the  Clinton  or  Niagara 
series.  It  is  highly  probable  that  the  shore  was  still  formed  by  the 
old  crystalline  highlands,  and  that  the  accumulating  Clinton  and 
Niagara  sediments  overlapped  and  completely  buried  the  Medina 
beds.  The  limestones  are  chiefly  fragmental  in  origin,  being  com- 
posed of  calcareous  and  magnesian  sands.  These,  as  will  be  shown 
later,  were  largely  derived  from  the  destruction  of  coral  reefs  and 
shells  growing  in  the  immediate  neighborhood.  They  indicate  shal- 
low water,  a  conclusion  emphasized  by  the  occurrence  of  well 
marked  cross-bedding  structure  in  some  of  the  beds  of  limestone. 
We  may  assume  a  gradual  passage  from  pure  calcareous  beds  to 

beds  consisting  more  and  more  of  terrigenous  detritus  as  w-e  ap- 
proach the  old  shore  line,  where  quartz  sands  probably  constituted 
the  chief  material  of  the  deposits. 

We  may  obtain  an  approximate  indication  of  the  former  extent 
of  these  strata  if  an  attempt  be  made  to  restore  the  portions  which 
must  have  been  removed  by  erosion.  We  may  consider  the  Clinton 
and  Niagara  as  a  unit,  assuming  that  near  the  old  shore  their  beds 
w'ere  practicably  indistinguishable.  The  average  dip  of  the  strata 
of  this  region  is  25  feet  to  the  mile  (a  moderate  estimate,  as  the  dip 
ranges  up  to  40  feet),  and  the  base  of  the  Clinton- Niagara  is  ap- 
proximately 400  feet  above  sea  level.  Continuing  this  dip  north- 
w'ard  for  a  hundred  miles  to  where  the  present  borders  of  the  old- 
land  are  exposed,  the  base  of  this  group  would  have  risen  2900  feet 
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above  the  sea,  an  elevation  sufficient  to  overtop  the  highest  peak  of 
the  present  Laurentides :  for,  according  to  Logan,  **  in  the  country 
between  the  Ottawa  and  Lake  Huron  the  highest  summits  do  not 
appear  to  exceed  1500  or  1700  feet,  though  one  .  .  .  probably 
attains  2300  feet  ".*  We  assume  of  course  with  good  reason  that 
the  Laurentides  at  that  period  were  much  higher  than  now,  for  they 
must  have  suffered  enormous  erosion  during  the  long  interval  since 
the  close  of  Siluric  time.^ 

Since  the  deposition  of  these  Siluric  strata  the  region  under  con- 
sideration has  suffered  an  enormous  amount  of  denudation,  having* 
been  brought  to  the  condition  of  a  low  nearly  level  tract  or  pene- 
plain, but  little  above  sea  level,  not  once,  but  probably  a  number 
of  times,  separated  by  periods  of  elevation  and  at  least  one  of  sub- 


'Logan.     Geo).  Canada.     1863.     p.  5. 

"The  Niagara  beds  of  Lake  Teniiscaming,  in  the  great  pre-Cambric  area 
of  Canada  and  150  miles  distant  from  the  nearest  beds  of  the  same  age, 
are  of  interest  in  this  connection.  They  occupy  an  area  about  joo  miles 
due  north  of  Lewiston  and  on  the  north  side  of  the  present  Laurentide 
chain.  According  to  Logan  they  do  not  properly  belong  to  the  former 
extension  of  the  Niagara  beds  of  the  region  under  consideration,  but  rather 
to  the  Hudson  bay  area  on  the  north.  They  are  of  interest  however  as 
showing  the  great  former  extent  of  these  formations.  They  lie  uncon- 
formahly  on  the  pre-Cambric  rocks,  and  the  basal  members  are  generally 
sandstones  and  often  conglomerates  **  containing  large  pebbles,  fragments, 
and  frequently  huge  boulders  of  the  subjacent  rock"  (Logan,  p.  335).  The 
thickness  of  the  formation  here  is  estimated  at  between  300  and  500  feet. 
The  Ordovicic  and  Cambric  strata  are  absent,  showing  a  progressive 
encroachment  of  the  sea  on  the  old-land,  and  a  consequent  overlapping 
of  the  strata.  Outliers  of  earlier  strata  are  found  in  more  southern  por- 
tions of  Canada,  resting  on  the  pre-Cambric  surface,  and  many  of  these 
indicate  a  progressive  overlapping  of  later  over  earlier  beds.  Lawson 
holds  that  this  indicates,  that  most  of  the  Canadian  old-land  was  covered 
by  the  early  Paleozoic  strata,  and  that  erosion  since  Paleozoic  time  has 
resulted  in  simply  removing  these  overlying  rocks.  (Bui.  geol.  soc.  Am. 
I  :  \fy()  et  scq.)  He  holds  that  comparatively  little  erosion  of  the  old-land 
has  occurred  >ince  Paleozoic  time,  the  present  surface  l>eing  essentially 
pre-Cambric  and  only  revealed  by  stripping  of  the  overlying  rocks.  It  is 
not  improbable  however  that  some  of  these  distant  outliers  may  have  been 
preserved  during  the  extensive  denudation  of  the  old-land,  by  having  been 
faulted  down  previously  in  a  manner  well  known  to  have  occurred  in  the 
S'-Jindinavian  old-lands,  a  solution  suggested  to  me  by  my  friend,  A.  W.  G. 
Wil-on.  of  Harvard  university. 
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sidence.  The  present  surface  of  the  Niagara  plateau  is  therefore 
not  to  be  considered  as  identical  with  the  old  surface  of  deposition, 
but  as  due  to  prolonged  penep  la  nation,  or  erosion  to  near  sealcvel, 
completed  probably  toward  the  close  of  Mesozoic  or  the  beginning 
of  Cenozoic  time.  The  following  diagram  (fig.  3)  will  illustrate  the 
relation  between  the  strata  and  the  surface  of  the  land  at  i)  the  close 
of  Siluric  time,  2)  late  Mesozoic  or  early  Cenozoic  time,  after  the 
completion  of  the  last  cycle  of  erosion  and  the  reduction  of  the  land 
to  peneplain  condition,  and  3)  the  present  surface. 


ISetwccn  the  close  of  the  Sihiric  and  beginning  of  Mesozoic  time 
a  long  period  intervened,  during  which  this  region  was  at  first  a 
land  surface,  suffering  considerable  erosion,  but  later  was  resuh- 
mcrgcd,  and  covered  with  extensive  deposits  of  Devonic  limestones, 
shales  and  sandstones.  The  final  emergence  took  place  at  the  close 
of  Paleozoic  time,  the  succeeding  Mesozoic  time  being  in  this  region 
probably  an  uninterrupted  period  of  erosion,  during  which  the  land 
suffered  the  combined  attacks  of  the  atmosphere  and  of  running 
water. 

Development  of  the  drainage  features 

The  water  which  falls  as  rain  or  snow  on  the  land  cither  evapor- 
ates, runs  off  on  the  surface,  or  sinks  into  the  ground,  where  it  con- 
stitutes the  ground  water.  That  which  evaporates,  accomplishes  lit- 
tle or  no  direct  geologic  work,  but  both  the  surface  and  under- 
ground waters  are  important  geologic  agents.  If  the  surface  on 
which  the  water  falls  is  a  perfectly  smooth  but  inclined  plain,  the 
water  will  run  off  in  the  form  of  a  thin  sheet.     A  perfectly  smooth 
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land  surface  is  however  unknown,  and  the  run-off  of  the  surface 
waters  is  ahvays  concentrated  along  certain  lowest  lines,  thus  con- 
stituting brooks,  streams  and  rivers.  While  there  may  be  numer- 
ous drainage  lines  of  this  type,  they  generally  unite  into  a  few  tpas- 
ter  streams,  the  direction  of  whose  flow  is  down  the  inclination 
of  the  surface  of  the  land.  Such  streams  arc  known  as  consequent 
streams,  their  direction  of  flow  being  consequent  on  the  original 
slope  of  the  surface. 

When  the  strata  of  the  Niagara  region  became  a  part  of  the  dry 
land,  from  the  relative  lowering  of  the  water  level  (which  may  have 
been  due  to  rise  of  the  land  or  to  drawing  off  of  water  by  the  deepen- 
ing of  the  oceanic  basins),  they  formed  a  broad,  essentially 
monotonous  belt  of  country  fringing  the  old-land  on  the  north,  i.  e. 
a  marginal  coastal  plain.  The  strata  of  this  plain  had  a  gentle 
southward  inclination,  a  feature  shared  by  the  surface  of  the  plain. 
Consequent  streams  quickly  made  their  appearance  on  this  plain, 
a  number  of  them  probably  coming  into  existence  almost  simul- 
taneously and  running  essentially  parallel  from  the  old-land,  across 
the  new  coastal  plain  into  the  sea.  These  streams  soon  cut  down 
into  the  coastal  plain,  carving  channels  for  themselves  and  thus  es- 
tablishing definite  lines  of  drainage.  As  the  streams  at  first  con- 
sisted entirely  of  the  run-ofY  of  the  moisture  which  fell  on  the  plain 
and  in  the  higher  old-land  portion,  it  is  evident  that,  unless  the 
rainfall  was  continuous,  or  unless  extensive  snow  fields  were  present 
to  supply  water,  these  young  streams  must  have  fluctuated  greatly 
in  volume  of  water,  and  at  intervals  become  entirelv  drv.  This  con- 
(lition  continued  till  the  valleys,  cut  by  these  streams  of  run-off 
water,  had  become  sufiiciently  deep  to  reach  the  level  of  the  under- 
ground water,  when  tlie  supi)ly,  augmented  by  springs,  became 
much  more  constant.  Thus  in  course  of  time  large  valleys,  supplied 
witli  large  rivers,  came  into  existence.  Meanwhile  the  sides  of  the 
river  valleys  were  attacked  by  the  atmosphere,  and  degradation  of 
the  cliffs  cut  by  the  stream  resulted. 

As  long  as  a  river  is  narrow  and  vigorously  undercuts  its  banks, 
the  latter  will  be  steep,  anil  the  river  channel  will  have  the  character 
ot  a  gorge.    This  generally  continues  as  long  as  the  river  is  cutting 


t[  Kbove    (Copyright  by  L 


NIAGARA   FALLS  AND   VICINITY  39 

downward,  i.  e.  till  the  grade  of  the  river  bottom  is  a  very  gentle 
one,  when  lateral  swinging  widens  the  gorge  by  undercutting  the 
banks,  and  atmospheric  degradation  quickly  destroys  the  steep  cliffs 
which  the  river  does  not  keep  perpendicular. 

During  the  process  of  drainage  development,  numerous  side 
streams  come  into  existence,  which  join  the  main  stream  as  branches. 
These  begin  as  gullies  formed  by  the  rainwater  running  over  the 
sides  of  the  banks  into  the  main  stream.  A  slight  depression  in  the 
surface,  or  a  difference  in  the  character  of  the  material  composing 
the  banks,  may  determine  the  location  of  such  a  gully,  but, 
once  determined,  it  will  become  the  cause  of  its  own  farther 
growth.  For  the  existence  of  this  gully  will  determine  the 
direction  of  flow  of  succeeding  surface  waters,  and  so  in  the 
course  of  time  the  gully  will  become  longer  and  longer  by 
headward  gnawing,  till  finally  a  channel  of  considerable  magni- 
tude is  produced.  Streams  of  this  type  are  known  as  subsequent 
streams,  and  they  very  generally  have  a  direction  varying  from  a 
moderately  acute  to  nearly  a  right  angle  with  reference  to  the  main 
or  consequent  stream. 

As  the  dissection  of  the  Niagara  coastal  plain  continued,  the  higher 
portions  of  the  strata,  i.  e.  those  nearer  the  old-land,  were  slowly  re- 
moved, and  the  beds  lying  beneath  these  were  thus  exposed.  The 
latter  strata  were  generally  of  a  more  destructible  character  than 
the  overlying  ones,  and  on  this  account  great  lowlands,  parallel 
to  the  old  shore  line,  or  the  line  of  strike  of  the  strata,  were  worn 
in  them  by  subsequent  streams.  Tlie  more  resistant  beds, 
meanwhile,  favored  the  formation  of  more  or  less  prominent  cliffs 
or  escarpments  which  faced  the  lowlands,  and  being  undermined 
slowly  retreated  southward,  thus  increasing  the  width  of  the  low- 
lands. These  features  are  today  repeated  in  the  Niagara  escarp- 
ment which  faces  the  Ontario  and  Georgian  bay  lowlands,  and  the 
escarpments  formed  by  the  outcrops  of  the  Ordovicic  limestones 
farther  north.  The  diagram,  fig.  4,  illustrates  the  probable  con- 
dition during  early  Mesozoic  time.  The  great  master  consequent 
streams  indicated  are:  the  Saginaw,  the  Dundas  and  the  Genesee, 
flowing  from  the  old-land  on  the  northeast,  southward  or  southwest- 
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ward  into  the  Mesozoic  interior  sea.  There  were  probably  other 
consequent  rivers,  whose  location  may  be  in  part  indicated  by  some 
of  the  valleys  now  occupied  by  the  Finger  lakes  of  New  York. 
Subsequent  streams,  flowing  along  the  strike  of  the  beds  and  capa- 
ble of  accomplishing  much  erosion  by  undermining  the  resistant 
capping  beds  of  the  escarpments,  continued  to  widen  the  longi- 
tudinal (i.  e.  eastwest)  lowland  areas,  while  the  transverse  valleys  of 
the  consequent  streams  remained  relatively  narrow. 

The  topographic  relief  feature  produced  by  this  normal  develop- 
ment of  drainage  on  a  young  coastal  plain  consisting  of  alternating 
harder  and  softer  strata,  has  been  named  a  "  cuesta ''}  and  mav  be 
briefly  defined  as  an  upland  belt  of  slightly  inclined  coastal  plain 
strata,  with  a  surface  gently  sloping  toward  the  newer  shore,  and 
a  steep  escarpment,  or  infacc,  fronting  a  low  belt,  or  inner  low- 
land, which  separates  the  cuesta  from  the  old-land  upon  which  its 
strata  formerly  lapped.  The  existence  of  the  cuesta  form  is  usually- 
due  to  a  more  or  less  resistant  stratum  overlying  a  less  resistant 
one,  as,  for  example,  the  limestones  overlying  the  upper  Medina 
shales.  The  inface  of  the  cuesta  is  continually  pushed  back  by  the 
undermining  subsequent  streams,  aided  by  atmospheric  attack,  and 
thus  the  belt  of  low  country,  lying  between  the  cuesta  and  the  old- 
land,  is  continually  widened,  while  during  the  same  time  the  valley 
o\  the  transverse  conseciuent  stream  wliich  carries  out  the  drainage 
increases  comparatively  little  in  width.  It  nuist  be  remembered 
however  that  the  lowland  can  never  he  deepened  below  the  depth 
oi  the  valley  of  the  consecjuent  stream  which  carries  its  waters 
tlirough  the  breach  in  the  cuesta. 

While  the  main  drainage  of  this  region  was  undoubtedly  south- 
westward  by  consequent  streams,  which  flowed  through  the  cuesta 
in  gorges,  and  by  subsequent  streams  flowing  into  the  former,  and 
v»ccu}\\ing  the  inner  lowlands,  short  streams,  flowing  toward  the 
o'd-:and.  down  the  inface  oi  the  cuc'^ta.  were  probably  not  uncom- 
:r.'  'Ti.     These  streams  bejran  to  trnaw  crullies  back  from  the  inface 

D.-ivif.  W  M.  Science.  1807.  New  series.  5:,^0J;  olsx^  Textbook  of 
;  :  ysic::'.  ceojirapby.  i8i».  p.  1,^3.  Pronounced  kwesta.  a  wonl  of  Spanish 
cricir.  "  ::>ed  in  New  Mexico  lor  low  ridijes  01  steep  descent  on  one  side  and 
ccm-e  s'.ope  on  the  other  ". 
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of  the  cuesta.  and  ultimately  prolonged  these  gullies  into  gorges, 
and  carried  the  drainage  into  the  subsequent  streams.  Streams  of 
this  type,  which  have  their  representatives  in  all  coastal  plain 
regions,  have  been  called  obscquait  streams,^  their  direction  of  flow 
being  opposite  to  that  of  the  consequent  streams.  The  following 
diagram  (fig.  4)  illustrates  this  type  of  a  stream  and  its  relation  to  the 
subsequent  and  consequent  streams.  To  this  type  of  stream  belongs 
the  ancient  St  Davids  gorge,  as  will  be  shown  more  fully  in  subse- 
quent pages. 


If  we  assume  that  during  the  greater  part  of  the  Mesozoic  era. 
the  land  in  this  region  remained  in  a  constant  relation  to  the  sea- 
leve),  it  becomes  apparent  that  the  southward  retreating  infaces  of 
the  cuestas  formed  by  the  resistant  members  of  the  Paleozoic  rocks, 
became  lower  and  lower,  as  the  southward  inclination  of  the  strata 
carried  the  resistant  beds  nearer  and  nearer  to  sealevel.  Eventually 
the  escarpment  character  of  the  infaces  must  have  become  obsolete, 
from  the  disappearance,  beneath  the  erosion  level,  of  the  weaker 
lower  strata,  which  permitted  the  undermining  of  the  capping  beds. 
When  this  occurred,  the  capping  strata  alone  continued  ex- 
posed to  the  action  of  the  atmosphere,  and.  from  a  cliff  char- 
acter, their  exposed  ends  were  planed  off  to  a  wedge  shape,  thin- 

'W.  M.  Davia 
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ning  northward  at  a  rate  proportional  to  the  dip  of  the  beds.  The 
uhiniate  result  of  all  this  erosion  was  the  reduction  of  the  land  to  a 
low  peneplain,  which  did  not  rise  much  above  the  sealevel.  Por- 
tions of  this  peneplain  are  today  preserved  in  a  scarcely  altered  con- 
dition, in  the  Niagara  upland,  the  region  about  Buffalo  and  other 
localities.  The  slij^ht  change  which  these  regions  have  subse- 
(juently  undergone  leads  to  the  supposition  that  the  peneplain  was 
completed  in  comparatively  recent  geologic  time,  possibly  at  the 
beginning  of  the  Tertiary  era.  or  even  nu>re  recently.  This  is  also 
shown  by  the  comparative  narrowness  of  the  valleys  cut  into  the 
peneplain  surface  in  preglacial  times.  The  present  altitude  of  this 
peneplain  in  the  vicinity  of  the  Niagara  river  is  approximately  600 
feet  above  sealevel,  while  southward  it  rises.  There  is  however 
good  presunjptive  evidence,  stMue  of  which  will  be  detailed  later, 
that,  cluring  a  period  precetling  the  glacial  epoch,  the  land  in  the 
north  slcuul  much  higher  than  at  present,  so  that  the  slope  of  the 
>urlace  wa^  stinth\\ar»l.  .\u  accentuation  of  sK>pe  would  cause  a 
rtjuMiialitMi  nl  ilu-  conset|uent  streams,  which,  in  the  later  stages 
«»l  pc  niplauatinii,  had  practically  ceased  their  work  o\  erosion  on  ac- 
touiii  n|  tile-  Itiw  ^ratjienl  i4  the  laml.  As  a  result  of  the  renewal 
mI  «r. i>i\i  inli\ii\  ihf  r;ul\  Meso/oic  topographv  was  in  a  large 
iiu.i-mc  M-^i.titil.  lint  tin*  inl'.uf  i>l  [\w  \iai;ara  cuosta.  the  top  of 
whiili  I"-  ihiw  liMiiiiJ  III  ilu*  \i.ii;.u.i  isvMrpnuMU.  occupioil  in  the  re- 
-i..i(.|  i.ip.  .L'l  .iph\  .1  piisitmn  ionsiiKiMbK  t.inluT  to  ihe  south  than 
ili.ii  «  li.ii.K  i(  ii'-iii   III  i-.nis    Ml  ^i>.'ou*  tnuc. 

\\  «  in.i\  h.iw  i  s.iiiiiiii-  iiiiiir  m  ilvi.ul  the  channels  of  the  conse- 
«)ni  III  -11  •  .ihi-  w  hii  h  ih--!  I  N-.|  ilns  auvicni  cvMstal  plain,  ami  the  ex- 
ii  nl  "I  il'«  iiiiu  I  li.wLiiiiU  ili.imril  l»\  ilu*  ^\il»<v  v|\:c!U  siroams  trihu- 
1.(1  \   i>  1  (III  in 

Duaiittb  Vttllcy  I  h.  I  Jninhj-.  \alK\  ap|H\n>  tv>  :\a\c  !-.on  the  oiit- 
I.  I  I'l  (111  iii.t  ill  •  • 'li  I  •|iii  ill  n.-.nn  »»i  I'y.s  tv^^iv^n.  tl'.o  Ouutlas 
iivii  1  In-  vail.  i  ImI.iii  ii.Mnl  1m  V  avl'.v'^  ::'.o  csv\ir]"»ment  at 
ll.m.iii"ii  («»iii  .  n.  .1  ill.  I  iiiin.  wxN'v'.n  v'/.v!  v^f  lake  Ontario. 
I  In  \<illi\  h  «  I'l  •  li  •  .(I  •  ImII  •  i|iiiilu,l  l«\  Sp^'nov  r.  \\  :\^  oonsiilercd 
u  il.i  p.iil...<i  .1  il..  jiji  ^.'|.i.  i;,l  ..nil.  I  .>!  1  .ikv-  r!'.v'  -ito  Lake  On- 
laii.'    I  111    .li.iini,. .    ./I    I  111     I  ill     \  filK  \    lH"»ni;    '.*♦.    :v.s   v^'.'^^nion   bv    a 
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river  which  followed  the  present  course  of  the  Grand  river, 
above  Cayuga,  past  Seneca  and  Ancaster  into  the  western  end 
of  the  Ontario  valley.  It  is  extremely  doubtful  that  such  a 
stream  ever  existed,  certainly  it  is  highly  improbable  that  the 
Dundas  valley  owes  its  existence  to  any  stream  which  flowed 
eastward  or  toward  the  old-land,  for  it  is  altogether  too  broad, 
and  continues  too  uniformly  to  permit  its  being  regarded  as  the  val- 
ley of  an  obsequent  stream.  Moreover,  its  peculiar  position  at  the 
elbow  of  the  escarpment  is  most  suggestive  of  a  consequent  origin, 
for  we  would  expect  the  face  of  the  cuesta  to  make  a  reentrant  where 
the  master  stream  gathers  its  converging  tributaries  and  flows  out 
through  a  great  breach  in  the  cuesta. 

The  Dundas  valley  is  5  miles  wide  at  Hamilton  but  rapidly  de- 
creases in  width  to  2  or  2^  miles  at  the  top,  where  the  limestone 
forms  decidedly  sharp  summit  angles  (Spencer).  Its  northern  wall 
has  been  traced  westward  for  6  miles  to  Copetown,  and  its  southern 
for  3i  miles  to  Ancaster.  Beyond  these  points  the  valley  is  filled 
with  drift  which  has  been  much  dissected  by  modern  streams.  The 
axis  of  the  gorge  is  about  n  70°  e,  and  the  glacial  scratches  observed 
on  the  rock  surfaces  at  its  summit,  with  few  exceptions,  make  angles 
of  30°  or  more  with  it  (Spencer). 

At  Hamilton  the  bedrock  was  found  to  be  absent  to  a  depth  of 
227  feet  below  the  surface  of  Lake  Ontario.  The  well  from  which 
this  record  was  obtained  is  about  i  mile  distant  from  the  southern 
side  of  the  Dundas  valley,  which  is  here  5  miles  wide.  The  total 
known  depth  of  the  canyon  is,  according  to  Spencer,  743  feet,  but 
he  calculates  that  it  reaches  1000  feet  near  the  center.^  Along  the 
northern  shore  of  Lake  Erie  well  records  have  shown  the  absence 
of  drift  to  a  considerable  depth.  Thus,  according  to  Spencer,  at 
Vienna,  100  miles  due  west  of  Buffalo,  the  drift  is  absent  to  a  depth 
of  200  feet  below  the  surface  of  Lake  Erie,  while  at  Port  Stanley, 
20  miles  farther  west,  it  is  absent  to  a  depth  of  150  feet  below  the 
lake.  At  Detroit  the  drift  is  130  feet  deep.  At  St  Marys  on  the 
northwest  and  Tilsonburg  on  the  southeast  of  a  line  connecting 


*  Spencer.     Pa.  geol.  sur.  Q  4.     p.  384-85. 
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Fort  Stanley  with  Dundas,  Devonic  limestones  occur  at  a  consider- 
able elevation  above  Lake  Erie  (Spencer).  Hence  the  southwest- 
ward  continuation  of  the  Dundas  channel  must  be  placed  between 


'These  maps  arc  intended  int^rcly  lo  illustraic  the  kind  oC  drainage,  which  it 
is  bcUevcd  existed  in  preglacial  times  in  tlie  Laurentian  region.  The  ancient 
consequent  streams  are  probably  correctly  located;  yet  it  must  be  stated 
that  the  region  between  Hamilton  and  Port  Stanley  h;  ...  n.iiily 

explored  to  make  the  course  indicated  certain.    These  t.ju.-.i..iL 
had  a  more  indirect  course,  for  i(  the  country  wxb  woru  i)"™n  "»  pcnepUia 
condition,  as  appears  to  have  been  the  case,  thete  at 
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these  two  points.  On  the  southern  shore  of  Lake  Erie  borings 
have  revealed  numerous  deep  channels.  Thus  the  bottom  of  the 
ancient  channel  of  the  Cuyahoga  river  is  reached,  according  to 


to  meander  on  this  surface,  the  meandering  course  being  retained  or 
elevation.  The  depth  of  ihe  bed  rock  at  Port  Stanley  and  Vienna,  how 
suggests  that  a  direct  channel  exists  as  shown  on  the  map.  The  prini 
subsequents  are  probably  located  with  approximate  correctness,  but 
smaller  branches  are  added  without  attempt  at  correctness.  They 
probably  much  more  numerous  than  here  shown. 
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Upham,!  at  a  depth  of  more  than  400  feet  below  Lake  Erie.  Whether 
this  marks  the  former  southward  continuation  of  the  preglacial 
Dundas  river  or  whether  that  river  turned  more  to  the  west,  follow- 
ing in  general  the  course  of  the  present  Maumee,  must  for  the  pres- 
ent remain  unsettled.  The  Dundas  undoubtedly  became  eventually 
tributary  to  the  Mississippi. 

Preglacial  Saginaw  river.  The  existence  of  an  ancient  river, 
flowing  southwestward  from  the  Canadian  old-land  across  the  valley 
of  Lake  Huron  and  the  lower  peninsula  of  Michigan,  and  finally 
becoming  tributar}-  to  the  ancient  Mississippi,  is  indicated  by  the 
present  character  of  the  topography  of  that  region.  The  Niagara 
cuesta  is  breached  by  a  deep  channel  which  now  connects  Georgian 
bay  with  Lake  Huron,  and  which,  north  of  Cove  island,  an  outlier 
from  the  Indian  peninsula,  has  been  sounded  to  a  depth  of  over  300 
feet.  This  channel  is  in  direct  line  with  that  of  Saginaw  bay,  and, 
though  this  latter  is  at  present  very  shallow,  borings  at  Bay  City 
show  an  absence  of  rock  to  a  depth  of  at  least  200  feet  below  the 
surface  of  the  bay.  At  Alma  (Mich.)  the  rock  was  shown  to  be 
absent  to  a  depth  of  350  feet  below  Lake  Huron  (Spencer);  and, 
as  this  locality-  lies  to  the  southwest  of  Saginaw  bay  and  in  line  with 
the  trend  of  its  axis,  we  may  assume  that  our  preglacial  Saginaw 
river  was  located  here.  Our  limited  knowledge  of  the  preglacial 
topography  of  this  region  forbids  tracing  this  channel  beyond  this 
point.  Dr  Spencer  many  years  ago  traced  out  this  line  of  drainage, 
but  he  assumed  that  the  river  which  occupied  this  channel,  and 
which  he  has  named  Huronian,  flowed  northeastward  to  join  that 
part  of  the  ancient  St  Lawrence,  or  Laurentian  river,  which  he  sup- 
posed to  have  occupied  Georgian  bay, 

Preglacial  consequent  Genesee  river.  Among  the  numerous  con- 
se(inent  streams  which  flowed  from  the  old-land  southward  or 
southwestward  and  which  eventually  became  tributary  to  the  pre- 
glacial Mississij)j>i.  probably  through  the  ancient  Ohio,-  the  pre- 

'F.ul.  geol.  J>f»c.  Am.    8:  7. 

'Westpate.  Lewis.  Ger»grai>hical  development  of  the  eastern  part  of  the 
Mississippi  drainage  system.  Am.  geol.  1893.  ii:->45-00.  The  Ohio,  ac- 
cording to  Newberry,  flows  nearly  throughout  its  entire  course  in  a 
channel,  the  rock  lK.»ttom  of  which  is  nowhere  less  than  150  feet  below 
the  present  river.  The  rocks  at  the  **  falls  of  the  Ohio  "  show  that  at  that 
point  the  river  is  not  following  the  ancient  course. 
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glacial  Genesee  river  is  the  only  other  that  can  be  mentioned  here. 
Though  now  flowing  northward  on  account  of  the  tilting  of  the 
land,  we  mav  assume  that  much  of  its  vallev  was  car\'ed  bv  a  south- 
ward  flowing  stream,  the  bottom  of  which,  as  shown  by  borings, 
was  considerably  below  the  floor  of  the  present  river.  Whether 
Irondequoit  bay  is  a  part  of  this  ancient  channel,  or  whether  it 
marks  the  |X)sition  of  an  obsequent  stream,  must  remain  for  the 
present  an  open  question.  Soundings  in  Irondeiiuoit  bay  show  a 
depth  of  70  feet,  though  the  rock  bottom  is  probably  much  deeper. 
As  soon  as  the  consecjuent  streams  began  cutting  down  their 
valleys  again  after  the  continental  uplift  which  followed  the  period 
of  peneplanation,  the  lateral  subsequent  streams  began  once  more  to 
open  out  broad  lowlands  in  the  weaker  beds  which  now  had  become 
extensively  exposed.  These  lowlands,  in  part  now  filled  by  drift 
deposits,  are  the  Ontario  and  (Georgian  bay  valleys,  the  latter  con- 
tinued in  the  North  Passage,  all  carved  out  of  the  weak  Medina  and 
Lorraine  shales:  the  Tonawanda-Chippewa  valley,  with  the  deeper 
portion  of  the  Huron  valley  farther  west,  carved  out  of  the  soft 
shales  of  the  Salina  group:  and  the  valley  of  Lake  Erie  cut  out  of 
the  softer  middle  and  upper  Devonic  shales.  A  few  of  these  may 
be  considered  in  greater  detail. 

Ontario  valley.  It  is  a  well  known  fact  that  Lake  Ontario  is  deeper 
in  its  eastern  than  its  western  part.  In  the  following  six  cross- 
sections  (fig. 7), constructed  from  the  lake  survey  charts,  the  greatest 
depths  from  west  to  east  are  456,  528.  5T0,  yS^,  684  and  576  feet. 
The  section  showing  the  greatest  depth  is  that  from  Pulineyville 
to  Point  Peter  light,  in  the  eastern  third  of  the  lake.  As  the  present 
level  of  Lake  Ontario  is  247  feet  above  th'j  sea,  the  deepest  sounding 
recorded  in  these  sections  is  491  feet  below  present  scalevel.  From 
this  point  of  greatest  depth,  the  floor  ol  the  lake  rises  eastward, 
at  first  at  the  rate  of  3  feet  in  the  mile,  and  later  at  an  average  rate 
of  9  feet  a  mile.  The  valley  appears  to  be  continued  south  of  the 
Adirondacks  in  New  York  along  the  present  course  of  the  Mohawk 
river,  which  flows  at  present  several  hundred  feet  above  the  rocky 
floor  of  the  valley.^    This  floor  ascends  eastward,  till  at  Littlefalls 

Carll.    Pa.  gcol.  sur.     Trj^j. 
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Fur.  7  Six  cnws-stjctlona  of  Lake  Ontario  sihowluff  topofn^phy  and  geology.  Vertical  scale  1  Inch  = 
riSOftH't:  horizontal  »cale  1  Inch -15^  miles.  Numbering  of  beds  as  in  table;  location  of  sections 
in(iicate<l  in  flg.  5.  Section  1>  E.  of  Niagara  to  E.of  Pickering  light.  2)  Lockport  to  Darlington 
light.  3i  Wettt  of  Genesee  to  Presque  Isle  light.  4)  Pultneyville  to  Point  Peter.  5)  West  of  Fair 
Haven  light  to  False  Buck  light.    6)  Oswego  to  Kingston. 
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the  preglacial  divide  has  an  elevation  of  440  feet  above  sealevel.^ 
The  following  diagram  (fig.  8)  shows  the  present  relation  of  the 
deepest  part  of  the  channel  of  Lake  Ontario  to  sealevel,  and  the 
relation  which  would  result  by  a  tilting  of  the  land  back  to  its 
probable  position  in  preglacial  times.  The  last  profile  shows  a  con- 
tinuous westward  slope  of  the  floor  of  the  valley,  steeper  in  the 
eastern  portion,  where  the  rocks  are  harder  and  the  valley  narrower, 
and  more  gentle  in  the  western  portion,  where  the  softer  rocks  have 
allowed  the  opening  of  a  broad  lowland. 


Klg.  8  Dla{(ram  showlnK  the  present  deepest  e-w  channel  of  Lake  Ontario  alonK  line  1-1,  and  Its  re- 
lation to  sealevel  s.  1.  and  the  If>vel  of  Lake  Ontario  1.  <>.  At  1 ,  left  side  of  dlaKram  1r  repreKented  the 
bottom  of  the  channel  at  Vienna,  200  ft  below  level  of  Lake  Erie  or  370  ft  above  nealevel.  At  1, 
right  side,  Is  the  divide  at  Llttlefalls  440  ft  A.  T.  The  line  1-2,  1h  the  line  1-1,  but  elevated  on  the 
«ast  (right)  so  as  to  Rive  a  continuous  westward  drainage.  Horizontal  scale  1  Inch  =  100  miles.  Ver- 
tical scale  1  inch  =>  4000  feet. 

Numerous  theories  have  been  advanced  to  account  for  the  deep 
basin  of  Lake  Ontario.  Spencer  believed  it  to  have  been  formed  by 
an  eastward  flowing  stream,  the  ancient  Laurentian  river,  which  re- 
ceived the  Erian  river  as  a  tributary  through  the  Dundas  valley. 
The  eastward  continuation  of  this  river  Spencer  believed  to  have 
been  essentially  along  the  course  of  the  modern  St  Lawrence,  the 
present  great  elevation  of  the  rocky  bed  of  this  stream,  above  that 
of  Lake  Ontario,  being  explained  by  a  warping  of  the  land.  Up- 
ham  also  believes  that  the  basin  is  in  part  due  to  warping,  but  he 
considers  it  the  valley  of  a  westward  flowing  stream.  Russell  also 
holds  this  latter  view;  for  he  says^  that,  "previous  to  the  glacial 
epoch,  the  greater  part  of  the  Laurentian  basin  discharged  its 
waters  southward  to  the  Mississippi  and  ,  .  .  during  the  first 
advance  of  the  ice  from  the  north  the  drainage  was  not  obstructed 
so  as  to  form  important  lakes  ".     Westgate^  in  tracing  out  the  de- 

*Bigelow.    Bui.  geol.  soc.  Am.    9:183. 
*  Lakes  of  North  America,  p.  97. 
*Loc,  cit.  p.  92. 
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velopment  of  the  Mississippi  drainage  system,  considers  that  the 
flow  of  the  Laurentian  drainage  system  was  southward  into  the  pre- 
decessor of  the  Ohio  river.  As  has  already  been  shown,  Spencer's 
eastward  flowing  river  system  can  be  originated  only  by  a  com- 
plete readjustment  of  the  drainage,  resulting  from  a  great  relative 
depression  of  the  eastern  uplands.  Such  a  system  could  only  come 
into  existence  after  the  valleys  had  been  formed  for  it,  and  hence, 
as  far  as  the  history  of  the  lake  basins  is  considered^  no  such  river 
system  is  required,  and,  unless  positive  proof  of  its  former  existence 
IS  forthcoming,  it  may  be  dismissed  as  hypothetic.  One  of  the  most 
important  theories  of  the  origin  of  the  Ontario  and  other  lake  basins, 
and  one  which  has  had,  and  still  has  many  prominent  advocates,  is 
that  of  glacial  erosion,  either  entire  or  preceded  by  river  erosion. 
This  explanation  was  first  most  strongly  urged  by  Prof.  Newberry, 
and  it  has  found  its  most  recent  able  supporter  in  Prof.  Tarr.  It  is 
impossible  to  do  full  justice  to  this  view  in  the  present  limited  space. 
Ice  erosion  is  a  factor  the  potency  of  which  has  often  been  over- 
looked, but  of  the  importance  of  which  there  can  be  no  question. 
We  may  however  question  whether  a  valley  which,  like  that  of  On- 
tario, lies  transverse  to  the  general  direction  of  ice  movement  in. 
this  region,  can  owe  much  of  its  depth  to  this  agent.  The  following 
considerations  will  be  helpful  in  understanding  the  influence  of 
glacial  erosion  on  preexisting  topography.  If  a  valley  like  that  of 
Lake  Ontario  is  occupied  by  a  glacier  the  motion  of  which  is  parallel 
to  the  trend  of  the  valley,  the  topographic  relief  is  likely  to  be 
accentuated  by  ice  erosion.  If  the  motion  of  the  ice  is  transverse 
to  the  direction  of  the  vallev,  the  erosion  tends  to  obliterate  or  at 
least  reduce  the  relief  features.  If,  however,  a  mass  of  ice  remains 
stagnant  in  the  valley,  the  upper  strata  of  ice  may  override  it,  and 
the  amount  of  glacial  erosion  is  reduced  to  a  minimum.  The  striae 
in  this  region,  together  with  the  direction  of  slopes  from  the  old- 
land,  point  to  a  southward  movement  of  the  ice,  and  Gilbert  has 
shown  that  the  amount  of  erosion  on  the  edge  of  the  escarpment  in 
western  New  York  is  comparatively  slight.^  Hence  we  may  assume 
that  the  basin  of  Ontario  was  mainly  occupied  by  ice  during  the 

*Bul.  geol.  soc.  Am.  11:121. 
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glacial  period,  but  that  comparatively  little  erosion  was  accom- 
plished. This  is  farther  borne  out  by  minor  relief  features,  such  as 
the  benches  shown  in  sections  4,  5  and  6,  in  the  southern  wall  of 
the  basin^  and  which  probably  consist  of  harder  beds  which  erosion 
has  left  standing  out  in  relief.  On  the  theory  of  glacial  erosion,  we 
might  expect  these  to  be  absent,  or  at  least  much  less  prominent, 
since  ice  would  hardly  show  such  selective  power  as  is  attributable 
to  running  water  and  atmospheric  agents. 

With  the  failures  of  the  theories  that  an  eastward  flowing  stream 
or  glacial  ice  produced  the  Ontario  valley,  we  are  forced,  with 
Upham,  Russell  and  others,  to  look  on  a  westward  flowing  stream 
as  the  most  probable  agent  in  the  production  of  this  valloy.  As  has 
before  been  shown,  such  a  stream  would  be  the  normal  result  of  a 
gradual  development  of  a  drainage  system  on  an  ancient  coastal 
plain  of  the  type  here  considered. 

Ancient  St  Davids  gorge.  Since  the  time  of  Lyell,  the  old  buried 
channel  from  the  whirlpool  to  St  Davids  has  played  a  prominent 
part  in  the  discussion  of  the  life  history  of  Niagara.  For  a  long 
time  it  was  considered  to  be  the  preglacial  channel  of  Niagara,  or  its 
predecessor,  the  Tonawanda.  ^lore  recently  it  has  been  considered 
of  interglacial  age,  eroded  by  an  interglacial  Niagara,  during  a  tem- 
porary recession  of  the  ice  sheet  from  this  region,  and  filled  with 
drift  during  a  readvance  of  the  glacier.  The  most  satisfactory  inter- 
pretation of  this  channel  however  mak'cs  it  independent  of  the 
Niagara,  and  considers  it  one  of  many  preglacial  or  interglacial 
channels  which  were  formed  by  streams  flowing  over  the  edge  of 
the  escarpment  and  which  increased  in  length  by  headward  gnawing 
of  their  waters.  This  type  of  stream  we  have  learned  to  call  ohsc- 
qitcnt,  its  direction  of  flow  being  contrary  to  that  of  the  master 
stream  to  which  its  waters  eventually  become  tributary.  An  illustra- 
tion of  channel-cutting  by  streams  flowing  over  the  edge  of  a  cliff, 
may  be  seen  today  in  the  chasm  near  the  Devil's  hole,  on  the  Ameri- 
can side  of  the  gorge  below  the  whirlpool.  This  gulch  was  cut  by 
the  little  stream  known  as  the  Bloody  run,  which  during  the  sum- 
mer season  dries  away  entirely. 

The  St  Davids  gorge  has  a  width  of  nearly  2  miles  at  the  edge 
of  the  escarpment.     As  will  be  seen  by  a  glance  at  the  map,  it  nar- 
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The  valley  of  Georgian  bay  is  continued  northwestward  in  the 
channel  known  as  North  passage,  a  narrow  body  of  w^ater  lying 
between  the  Manitoulin  islands  and  the  Canadian  old-land.  The 
southward  continuation  of  the  lowland  is  blocked  by  drift;  but  a 
number  of  borings,  between  the  southern  end  of  Georgian  bay  and 
Lake  Ontario,  east  of  Toronto,  have  developed  the  existence  of  a 
buried  channel,  which  connects  these  two  valleys.  This  channel  is 
considered  by  Spencer  to  mark  the  pathway  of  his  former  Lauren- 
tian  river.  It  is  clear  however  that  this  valley  is  merely  the  buried 
connecting  part  of  the  inner  lowland  which  extends  along  the  base 
of  the  entire  Niagara  escarpment.  This  portion  of  the  lowland 
was  originally  occupied  by  two  streams  flowing,  the  one  northwest- 
erly into  the  ancient  Saginaw,  the  other  southeasterly  into  the  Dun- 
das.  The  divide  between  the  two  may  have  been  in  the  neighbor- 
hood of  Lake  Simcoe.  It  is  however  not  at  all  improbable  that 
the  tributary  of  the  Dundas  may  have,  owing  to  favorable  condi- 
tions, gained  an  advantage  over  that  of  the  Saginaw,  and  pushed 
the  divide  northward.  Such  a  migration  of  the  divide  might  have 
resulted  in  the  diversion  of  the  upper  waters  of  the  Saginaw  by  cap- 
ture, so  that  they  eventually  became  tributary  to  the  Dundas.  This 
would  account  for  the  greater  depth  of  the  ( icorgian  bay  lowland, 
which,  after  the  capture  of  the  upper  Saginaw  waters,  could  be 
deepened  independently  of  the  notch  in  the  cuesta  through  which 
its  waters  were  formerly  carried  out.  This  of  course  is  merely  sup- 
positional, and  the  truth  can  be  established  only  by  more  detailed 
study  of  the  ground.  It  is  however  what  we  might  expect  to  hap- 
pen in  the  normal  adjustment  of  a  coastal  plain  drainage.  This 
hypothetic  relation  is  illustrated  in  fig.  6. 

The  Huron  lowland  and  the  Chippewa  and  Tonawanda  valleys. 
On  the  yielding  strata  of  the  Salina  group  a  second  lowland  was 
carved  out  by  subsequent  streams,  leaving  an  escarpment  capped 
by  the  Devonic  limestones  on  the  south.  This,  as  we  have  seen. 
becomes  prominent  eastward  in  the  lielderberg  range,  where  the 
third  upper  Devonic  escarpment  unites  with  it.  In  the  Niagara 
region  it  faces  the  Tonawanda  and  Chippewa  lowlands,  which  were 
probably  opened  out  by  a  subsequent  stream  tributary  to  the  an- 
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cient  Dundas  river.  Throughout  western  Ontario  this  escarpment 
is  buried  by  drift,  but  its  presence  is  indicated  by  borings,  which 
also  prove  the  continuance  of  the  lowland  accompanying  it.  This 
escarpment,  the  inface  of  the  second  cuesta,  becomes  a  very  promi- 
nent feature  in  Lake  Huron,  where  it  is  entirely  submerged.  It  is 
however  perfectly  traceable  from  north  of.  Goderich  in  Canada  to 
the  island  of  Mackinaw.  Soundings  prove  it  to  have  a  hight  of 
from  350  to  500  feet  or  more  above  the  lowland  which  it  faces.  This 
lowland  constitutes  the  deeper  portions  of  Lake  Huron,  the  shal- 
lower southwestern  area  being  a  part  of  the  upland  drowned  by  the 
backward  setting  of  the  water  over  the  top  of  the  escarpment.  The 
following  cross-section  (fig.  9)  from  Point  au  Sable,  north  of 
Saginaw  bay,  to  Cape  Hurd,  the  northern  extremity  of  the  Indian 
peninsula,  passes  across  the  highest  portion  of  this  escarpment  at 
the  9  fathom  ledge  and  diagonally  across  the  deepest  portion  of  the 
Huron  lowland,  where  the  soundings  reach  a  depth  of  750  feet. 
This  apparently  marks  the  location  of  the  preglacial  Saginaw  river, 
which  probably  breached  the  second  cuesta  to  the  south  of  the  9 
fathom  ledge,  though  no  channel  is  indicated  by  the  soundings. 


Fig.  9  Section  acroM  Lake  Huron  from  Point  au  Sable,  a)  across  9  fathom  ledge,  b)  to  Cape  Hurd, 
c)  (For  location  of  section  »ee  fig.  6). 

We  have  now  traced  the  development  of  the  topographic  features 
of  the  Niagara  district,  and  have  found  this  to  be  in  conformity  with 
the  laws  governing  the  normal  development  of  drainage  systems  on 
an  ancient  coastal  plain.  The  only  abnormal  features  which  need 
to  be  considered  now  are  the  tilting  of  the  land  and  the  filling  of 
most  of  the  old  channels  by  drift,  converting  the  lowlands  into  lake 
basins  and  reversing  the  drainage  of  the  unfilled  channels.  These 
were  the  catastrophes  which  immediately  preceded  the  birth  of 
Niagara  and  which  were  directly  responsible  for  its  existence.  To 
these  and  the  life  history  of  Niagara,  attention  will  now  be  invited. 
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Chapter  2 
LIFE  HISTORY  OF  NIAGARA  FALLS 

Glacial  period 

Two  important  events  immediately  preceded  the  birth  of  Niagara. 
The  first  was  the  formation  of  a  series  of  great  lowlands  and  cuestas 
by  stream  and  atmospheric  erosion  during  a  period  of  time  when, 
according  to  all  indications,  the  land  stood  from  2000  to  5000  feet 
higher  than  it  does  now.  This  was  outlined  in  the  preceding  chap- 
ter. The  second  event  was  the  accumulation  of  a  great  mantle  of 
glacial  ice  over  most  of  northeastern  North  America,  and  the  modi- 
fications of  the  previously  formed  erosion  topography,  either  by  the 
erosive  action  of  the  ice  or  by  deposits  left  on  its  melting.  The 
time  equivalent  of  the  latter  event  is  commonly  known  as  the 
glacial  period  of  the  earth's  history,  a  remote  period  as  time 
is  ordinarilv  counted,  but  a  verv  recent  one  in  the  chronometrv 
of  the  geologist.  Contemporaneous  with  this  great  accumulation 
of  ice  was  probably  the  subsidence  of  the  northern  part  of  this 
region,  thus  changing  the  slope  of  the  land  surface  from  a  south- 
ward to  a  northward  one. 

The  greatest  accumulation  of  ice  during  the  glacial  period  appears 
to  have  been  in  the  region  to  the  north  and  northeast  of  the  great 
lakes,  or  in  general  over  the  area  of  the  Laurentian  old-land.  The 
immediate  causes  which  brought  about  such  accumulation,  were  the 
extensive  refrigeration  of  the  climate  and  the  increased  precipitation 
of  moisture,  so  that  a  greater  amount  of  snow^  fell  during  the  winter 
seasons  than  could  be  removed  by  melting  during  the  succeeding 
summers.  The  partial  melting  and  refreezing  of  the  snow,  which 
continued  over  a  long  period  of  time,  eventually  resulted  in  pro- 
ducing glacier  ice,  after  the  manner  of  the  formation  of  glaciers  at 
the  present  time. 

The  thickness  of  the  great  Laurentian  glacier,  which  eventually 
covered  all  the  land  of  this  region,  including  even  the  highest  moun- 
tains, must  be  estimated  at  thousands  of  feet  in  its  central  part  with 
a  progressive  diminution  of  thickness  toward  the  margin.     The  ice 
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of  glacHrrb.  ah  ih  wfrll  known,  ha^  a  certain  amount  of  plasticity  and 
will  fiow  und*rr  th^  pre *^i^tIre  of  it^  own  weight,  somewhat  after  the 
manner  of  a  mabb  of  pitch.  Tlie  flow  of  the  great  Laurentian  glacier 
wah  outward  in  all  directions  from  the  center  of  accumulation,  local 
t'/jiogmphic  feature'-  '-xerting  a  deflecting  influence  only  in  the  more 
attenuated  marginal  ]x>^ion«-.  In  its  basal  jx^rtions.  the  ice  was  well 
hUjijjlied  with  ro^  k  debri^-,  from  the  finest  rock  flour  and  clay  to 
boulders  often  of  \*:ry  great  size.  This  material  was  derived  from 
the  surface  over  which  the  ice  flowed,  and  it  measured  in  part  the 
amount  of  erosive  work  which  the  ice  had  accomplished-  The  rock 
fragtnents  frozen  into  the  bottom  of  the  moving  ice  mass,  served  as 
efficient  tools  for  grooving  and  scratching  the  bedrock  over  which 
the  ice  flowed,  while  at  the  «^ame  time  ih6  finer  material  smoothed 
and  polished  the  rock  '-urface^.  The  direction  of  the  grooves  and 
striae  on  the  rork  surface"-  in  general  indicate  the  direction  of  the 
movement  of  the  i'e  which  j^roduced  them,  but  this  may  not  always 
re]iresent  the  direction  of  general  ice  movement  for  the  region, 
since,  at  the  time  of  making  the  striae,  the  ice  may  have  been  thin 
enotigh  to  b*;  influenced  by  the  local  topographic  features  of  the 
region.  In  the  Niagara  di'strict  the  striae  have  a  direction  extending 
about  30'  west  of  '^outh  (^'iilbert)  which  direction,  being  inhar- 
iij'/iii'iir-  V.  it!j  tri*-  ••r'-nd  r>]  the  lowlands,  indicates  tliat  these  striae 
V. 'T^-   inriu'-']  'yv  '!,'•  ;j^-ri^'ra]  niovf^nient   of  tlie  ice.  rather  than  by 

Willi'-  t}j»  uri'a'  ♦•  ro'  }>  nf  tlii-  re.cj:i<m  were  evcrvwliere  scratched 
aI)^  ]>'»ii^}i'-d  b;  i|i'-  ]<■(■,  tlie-e  markings  are  '<n]v  exhibited  where 
th«-  ]>rot'-'-nii^  niai]t]<-  of  loose  surface  material  or  drift  has  been 
r>'f]r]\  rfino\ed.  jor  wliere  the  [>olished  rock  surfaces  are  ex- 
]}(>sr(\  for  any  fnti^iflrrable  j>eriofl  of  time,  weathering  usually 
ol)lurrat<'^  tlic^f-  ^ujxTficial  markings.  Tlie  best  ])lace  in  which  the 
stTiae  of  tlie  r''^]i>]]  about  Niagara  ri\er  ]"ua}-  be  >iu(lied  is  near  the 
f|uarncs  on  tiir  (d;:e  of  tlje  e.-car])ment.  a  mile  e>r  more  west  of 
i'lrork's  monument,  where  the  k<lges  art-  ])rugressively  uncovered 
])revi')u>  t^  f|uarryin^. 


i"(>'-  an  ac'fjum  '•;  tl;c  jjiacial  .-culi'turc  in  this  rcpion.  sec  Gilbert.     Bui. 
t;v.»'.    -'.>c.  -•Vni    i^f/,;.     10:121. 
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Throughout  the  greater  part  of  the  district,  the  poHshed  rock  sur- 
faces are  covered  by  a  coating  of  drift  of  very  varying  character 
and  thickness.  This  was  the  ground  moraine  or  till  of  the  Lauren- 
tian  glacier,  and  represents  the  rock  debris  which  was  frozen  into 
the  bottom  of  the  ice,  and  carried  along  in  its  motion,  till  liberated 
by  the  melting  of  the  ice.  Tliis  ground  moraine,  either  in  its 
original  heterogeneous  character  or  modified  by  the  agency  of 
running  water,  filled  most  of  the  old  river  gorges  through  which  the 
drainage  of  preglacial  times  found  its  exit.  Some  of  the  shallower 
lowlands,  like  that  of  the  Tonawanda,  were  also  filled  with  drift, 
while  the  more  profound  ones,  like  the  Erie  and  Ontario  lowlands, 
received  only  a  partial  drift  filling. 

The  partial  obliteration  of  the  old  drainage  channels,  which  was 
thus  brought  about,  together  with  a  depression  of  the  land  on  the 
northeast  to  a  depth  below  that  at  which  it  now  stands,  Converted 
•the  unfilled  lowlands  into  lake  basins,  apparently  reversed  the  drain- 
age of  many  streams,  forcing  them  to  cut  gorges  where  their  old 
channels  were  drift-filled,  and  finally  became  the  immediate  factors 
in  the  formation  of  Niagara. 

Lacustrine  period^ 

During  the  slow  melting  of  the  glaciers  in  the  Laurentian  region, 
and  the  resultant  northward  retreat  of  the  front  of  the  ice,  large 
bodies  of  water,  of  varying  depth  and  extent,  were  held  in  front  of 
the  ice  sheet,  which  formed  a  dam  across  the  northeastern  part  of 
the  lowland  country,  the  general  slope  of  which  was  now  toward 
the  ice  instead  of  away  from  it.  The  elevations  of  these  glacial 
lakes  were  determined  by  the  lowest  uncovered  passes  in  the 
margins  of  the  lake  basins  across  which  the  discharge  took  place, 
and,  as  during  the  continued  melting  of  the  ice  dam,  lower  passes 
were  progressively  uncovered,  the  outlets  were  successively  trans- 
ferred to  them  and  the  levels  of  the  lakes  sank  correspondingly. 


*For  a  detailed  account  of  the  successive  stages  in  the  development  of 
the  great  lakes,  the  shore  lines,  outlets  and  extent  of  each,  the  reader  is 
referred  to  the  papers  by  Gilbert,  Spencer,  Taylor,  Leverett,  Fairchild  and 
others,  cited  in  the  appendix. 
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As  the  ice  front  continued  to  melt  away,  retreating  northeastward, 
drainage  at  a  lower  level  was  permitted  along  the  ice  front  to  the 
Hudson  valley,  and  the  sea.  As  a  result,  the  water  level  sank,  the 
Chicago  outlet  was  abandoned,  and  Lake  Warren  became  much 
contracted  and  in  part  cut  up  and  merged  into  new  bodies  of  water. 
The  largest  of  these  was  glacial  Lake  Algonquin,  which  occupied 
the  basins  of  the  three  upper  Great  lakes,  and  seems  to  have  been 
for  a  long  time  independent  of  Lake  Erie,  which  after  the  division 
of  Lake  Warren  was  for  a  time  much  smaller  than  it  now  is.  (Fig. 
II  and  13) 

The  critical  period  in  the  development  of  the  lakes,  with  reference 
to  the  birth  of  Niagara,  was  the  uncovering  of  the  divide  at  Rome 
(N.  Y.)  and  the  consequent  diversion  of  the  drainage  into  the 
present  Mohawk  valley.  This  brought  with  it  a  subsidence  of  the 
waters  north  of  the  Niagara  escarpment  to  the  level  of  this  outlet, 
which  was  considerably  below  that  to  which  the  other  lakes  could 
subside,  owing  to  the  rocky  barriers  which  kept  them  at  greater 
altitudes.  As  a  result  Niagara  river  came  into  existence,  though  at 
first  it  was  only  a  connecting  strait  between  Lake  Erie  and  the 
subsiding  predecessor  of  Lake  Ontario.  The  overflow  from  Lake 
Erie  occurred  at  the  present  site  of  Blackrock,  because  there  hap- 
pened to  be  the  lowest  point  in  the  margin  of  the  lake.  It  is  not 
improbable  that  a  small  preglacial  stream  had  predetermined  this 
point,  either  flowing  southward  into  the  river  occupying  the  Erie 
basin,  or  northward  as  an  obse(|ucnt  stream  into  the  Tonawanda. 
The  course  of  the  river  below  IMackrock  was  determined  bv  the 
directions  of  steepest  descent  of  the  land  surface,  which  was  prob- 
ably predetermined  to  some  extent  by  preglacial  streams.    As  soon, 

however,  as  the  level  of  the  waters  of  the  Ontario  valley  sank  below 
the  edge  of  the  Niagara  escarpment  at  Lewiston,  a  fall  came  into 
existence,  which  daily  increased  in  hight  as  the  level  of  the  northern 
lake  was  lowered.  From  that  time  to  the  present,  Niagara  has 
worked  at  its  task  of  gorge-cutting,  the  present  length  of  the  gorge, 
from  Lewiston  to  the  falls,  marking  the  amount  of  work  accom- 
plished. 


6a  SEW  TOXX  SZJ^ZS.  XCSECM 

Viihea  du  waten  tuxxh  of  dK  cscarpmmt  liad  mbsded  to  rbe 
We£  ot  rfie  omkt  st  Rome,  a  lot^  period  of  stabilitj-  ensued,  during 
vfsich  txteastn  and  weQ  marked  beaches  were  formed  by  the  wstcs. 
Thi»  compaiaccvelv  Joag-^red  body  of  water  has  been  named  Lake 
Iroqorxs,  and  ia  ocnline  a  sbown  in  the  accompamring  map  lOg. 
ro;  reptTidnced  from  Gilbert's  History  of  tkt  Xiagara  ricer.  Tht 
Iroqmjift  shote  lines  in  this  region  may  be  seen  in  the  ridge  road 
wbicfi  extends  eaKward  from  Lewiston.  and  westward  from 
^^oeenaton,  closely  skirting  the  foot  ot  the  escarpaieitt. 
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A  fine  section  of  this  old  beach  is  seen  just  behind  the  railroad 
station  at  Lev.i'-ton.  Here  the  layers  of  sand  and  gravel  slope 
■itf^eph  Joivard  the  southeast,  and  many  of  them  are  irregular  and 
wedge-shaped.  Some  of  the  beds,  a  foot  or  more  in  thickness,  con- 
5iit  entirely  of  rounded  pebbles,  with  little  or  no  sand  between,  form- 
ing a  porous  mass  of  "  loose  gravel ".  The  prevailing  rock  of  the 
ri'.itMes  is  the  Medina,  sandstone,  derived  from  the  neighborhood, 
and  thi;  ptbbles  are  always  well  waterworn.  and  commonly  of  the 
flattened  type  characteristic  of  thin  bedded  rocks.  Mingled  with 
the  f/cds  of  coarse  material  are  layers  of  fine  sand,  the  structure  of 
which  is  well  brought  out  by  exposure  to  wind  and  weather.     Xot 
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infrequently  masses  of  sand  and  pebbles  are  cemented  into  a  con- 
glomerate by  calcite  or  other  cementing  agents. 

The  terminal  portion  of  the  beach  at  the  Lewiston  station  is 
rather  exceptional.  It  has  here  the  character  of  a  sand  spit,  extend- 
ing toward  the  Niagara  river.  Between  this  spit  and  the  escarp- 
ment there  is  a  low  area  of  irregular  outline,  something  over  half  a 
mile  in  width  along  the  river  and  extending  perhaps  three  fourths  of 
a  mile  eastward  from  it.  This  area  is  hounded  by  .steep  erosion 
cliffs  of  unconsolidated  material,  and  is  from  30  to  50  or  more 
feet  lower  than  the  level  of  the  ridge  road.  The  suggestion  presents 
itself,  that  these  features  may  be  due  to  the  current  of  the  Xiagara 
at  its  embouchure  into  Lake  Iroquois,  at  a  lime  when  the  falls  were 
probably  not  tar  distant.     (Sec  plate  3  and  map) 

There  is  evidence  that  the  level  of  Lake  Ontario  at  one  time  stood 
much  lower  than  it  does  at  present;  for  the  bottom  uf  the  lower 
Niagara,  from  Lewiston  to  the  lake,  is  from  lOO  to  200  feet  below 
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the  present  water  level.  In  fact,  the  old  beaches  about  Lake  On- 
tario indicate  a  number  of  oscillations  of  level,  similar  to  those 
recorded  in  the  other  glacial  lakes,  and  due  chiefly  to  crust 
warpings. 
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Lakes  Algonquin  and  Iroquois  were  probably  contemporaneous, 
and  it  is  believed  that  for  a  time  the  former  discharged  its  waters 
to  the  latter  by  way  of  Balsam  lake  and  along  the  course  of  the 
Trent  river.  This  discharge  by  way  of  the  Algonquin  river,  as  this 
old  outlet  of  Lake  Algonquin  has  been  called,  robbed  the  Niagara 
river  of  seven  eighths  of  its  water  supply,  which  up  to  then  had 
reached  it  by  the  present  course  through  the  Detroit  river.  As  a 
result  the  volume  and  erosive  power  of  the  river  were  for  a/time 
cnormouslv  I  mmished      (I  ig   ii  and  13) 


During  the  farther  retreat  of  the  ice  front,  a  still  lower  pass  was 
opened  by  way  of  Lake  N'ipissing  and  the  Mattawa  river  into  the 
Ottawa.  By  the  time  this  outlet  was  opened,  the  ice  had  also  dis- 
appeare<l  from  the  St  I-awrencc  valley,  and  the  outlet  of  the  waters 
of  the  great  lakes  wa.s  transferred  from  the  Rome  channel  to  the  one 
at  the  Thousand  islands.  I^ke  Iroiinois  at  the  same  time  subsiding 
lo  Lake  Ontario.     (Fig.  12  and  14I 

The  successor  of  Lake  Algonquin,  after  the  change  from  the 
Balsam  lake  to  the  Xipissing  lake  outlet,  has  been  named  by  Taylor, 
Nipissing  great  lakes,  while  the  river  which  carried  its  discharge  to 
the  Ottawa  was  called  by  him  the  Kip  is  sing- Mattawa  {fig.  14), 
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With  the  gradual  melting  away  of  the  great  ice  sheet,  the  land 
on  the  northeast  began  to  recover  from  its  last  great  depression. 


n«.  14  Tirlm^  nup  ot  Klplulnn  gnM  likn  ud  tbe  Chunpli 


and,  though  there  had  been  many  oscillations,  the  balance  of  change 
was  toward  a  slow  but  steady  elevation  of  the  Laurentian  reKJon. 
Aa  a  consequence  the  beaches  of  the  old  glacial  takes,  which  of 
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course  had  a  uniform  elevation  while  forming,  are  no  longer  of  uni- 
form hight  above  sealevel,  but  rise  progressively  toward  the  north- 
east. This  slow  rising  of  the  land  caused  a  gradual  canting  of  the 
basins,  which  brought  with  it  a  relative  fall  of  the  waters  along  the 
northeastern  shores  and  a  corresponding  relative  rise  of  the  waters 
along  the  southwestern  shores.  Such  a  progressive  change  event- 
ually carried  the  Nipissing  and  Balsam  lake  outlets  above  the  level 
of  the  outlet  at  Port  Huron,  and  the  present  drainage  was  reestab- 
lished. As  the  canting  affected  the  Erie  basin  as  well  as  the  others, 
it  caused  a  progressive  elongation  of  that  lake  toward  the  south- 
west, thus  finally  giving  it  its  present  size  and  shape.  This  same 
canting  also  resulted  in  the  farther  separation  of  the  upper  lakes  into 
their  present  divisions. 

While  this  general  outline  of  the  lake  history  is  held  by  many 
geologists,  others,  notably  Upham,  combat  it  strongly.  Mr  Upham 
holds  that  the  elevation  of  the  land  in  the  northeast  had  progressed 
to  such  an  extent  bv  the  time  the  ice  had  uncovered  the  northern 
outlets  of  Lakes  Algonquin  and  Nipissing,  that  these  passes  had 
been  raised  above  the  altitude  of  the  outlet  at  Port  Huron^  and  that 
hence  these  passes  never,  or  but  for  a  brief  period  of  time,  served 
as  outlets  for  the  waters  of  the  upper  lakes.  If  this  is  the  case, 
Niagara  always  carried  the  drainage  of  the  upper  great  lakes  as  well 
as  Lake  Erie,  and  its  volume  was  approximately  uniform  throughout 
its  history.  The  strong  erosion  features,  however,  which  are  found 
in  the  ^lattawa  valley  indicate  that  a  large  stream  discharged  here  for 
a  considerable  period  of  time;  and,  if  such  was  the  case,  it  is  highly 
probable  that  the  present  Port  Huron  outlet  was  not  then  utilized, 
and  that  consequently  the  Niagara  was  robbed  of  the  discharge  of 
the  upper  lake  area.  The  influence  on  the  erosion  of  the  gorge  by 
such  a  withdrawal  of  the  water  must  have  been  a  pronounced  one, 
and  we  shall  see  later  that  certain  portions  of  the  gorge  may  well  be 
explained  by  this  hypothesis.  During  the  time  of  the  overflow  of 
the  upper  waters  by  way  of  the  Nipissing-^Iattawa  river  it  is  not 
improbable  that,  as  held  by  Taylor  and  others,  the  sea  had  access 
to  the  St  Lawrence  and  Ontario  basins  and  possibly  to  the  basins  of 
the  upper  lakes.  This  would  account  for  the  occurrence  of  marine 
types  of  organisms  in  the  deeper  portions  of  some  of  the  present 
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great  lakes  as  well  as  for  the  maritime  species  of  plants  found  in  the 
lake  district.  It  must  however  be  borne  in  mind  that  this  marine 
invasion  was  not  till  after  the  time  of  Lake  Iroquois,  for  fresh-water 
fossils  have  been  found  in  the  beaches  of  this  lake. 

The  tilting  of  the  land,  which  is  recorded  in  the  deformed  beaches, 
has  not  yet  ceased,  as  recent  investigations  in  the  lake  regions 
clearly  prove.  Mr  Gilbert  has  made  an  extended  study  of  this  prob- 
lem ;  and  he  has  been  led  to  the  assumption  "  that  the  whole  lake 
region  is  being  lifted  on  one  side  or  depressed  on  the  other,  so  that 
its  plane  is  bodily  canted  toward  the  southsouthwest,  and  that  the 
rate  of  change  is  such  that  the  two  ends  of  a  line  100  miles  long  and 
lying  in  a  southsouthwest  direction  are  relatively  displaced  .4  of  a 
foot  in  100  years  ".  From  this  it  follows  that  ''  the  waters  of  each 
lake  are  gradually  rising  on  the  southern  and  western  shores  or 
falling  on  the  northern  or  eastern  shores,  or  both  '*.  This  implies  of 
course  a  drowning  of  the  lower  courses  of  all  streams  entering  these 
lakes  from  the  southwest  and  an  extension  of  those  entering 
from  the  northeast.  Assuming  that  the  rate  and  character  of 
change  will  be  constant  in  the  future,  the  following  interesting  re- 
sults have  been  predicted  by  Mr  Gilbert.  The  waters  of  Lake  Michi- 
gan at  Chicago  arc  rising  at  the  rate  of  9  or  10  inches  a  century;  and 
*'  eventually,  unless  a  dam  is  erected  to  prevent.  Lake  Michigan  will 
again  overflow  to  the  Illinois  river,  its  discharge  occupying  the 
channel  carved  by  the  outlet  of  a  Pleistocene  glacial  lake.  .  . 
Evidently  the  first  water  to  overflow  will  be  that  of  some  high  stage 
of  the  lake  and  the  discharge  may  at  first  be  intermittent.  Such 
high  water  discharge  will  occur  in  five  hundred  or  six  hundred  years. 
For  a  mean  lake  stage  such  a  discharge  will  begin  in  about  one 
thousand  vears,  and  after  one  thousand  five  hundred  vears  there  will 
be  no  interruption.  In  about  two  thousand  years  the  Illinois  river 
and  the  Niagara  will  carry  equal  portions  of  the  surplus  water  of  the 
great  lakes.  In  two  thousand  five  hundred  years  the  discharge  of 
the  Niagara  will  be  intermittent,  falling  at  low  stages  of  the  lake, 
and  in  three  thousand  five  hundred  years  there  will  be  no  Niagara. 
The  basin  of  Lake  Erie  will  then  be  tributary  to  Lake  Huron,  the 
current   being   reversed   in    the    Detroit   and    St    Clair   channels."^ 


'Gilbert,  G.  K.     Recent  earth  movements  in  the  great  lake  region.     i8th 
an.  rep't  U.  S.  geol.  sur.     1896-97.     pt  2. 
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Fluvial  period 

Niagara  falls  came  into  existence  when  the  waters  of  Lake  Iro- 
quois, the  predecessor  of  Lake  Ontario,  fell  beneath  the  level  of  the 
escarpment  at  Lewiston.  At  first  it  w^as  only  a  small  cataract,  but 
day  by  day,  as  the  lake  subsided,  it  gained  in  hight  and  consequently 
in  force  of  fall,  as  well  as  eflficiency  in  cutting  its  channel.  That  the 
entire  gorge  from  Lewiston  to  the  present  falls  is  the  product  of 
river  erosion  is  scarcely  questioned  by  any  one  today,  but  there  are 
excellent  reasons  which  lead  some  to  believe  that  this  cutting  was 
not  wholly  the  w-ork  of  the  Niagara.  When  the  falls  were  at  Lewis- 
ton,  the  Niagara  was  a  placid  stream  from  Lake  Erie  to  near  the 
falls,  much  as  it  is  today  from  Buflfalo  to  the  northern  end  of  Grand 
island.  Its  banks  consisted  chiefly  of  glacial  till,  into  which  terraces 
were  cut  by  the  stream,  most  of  which  are  visible  at  the  present  day. 
The  lowxr  ones  are  well  marked  in  Prospect  park,  though  there 
they  have  been  grassed  over  and  modified  to  a  considerable  extent. 
From  Niagara  falls  to  the  railroad  bridges  at  Suspension  Bridge,  on 
the  New  York  side  of  the  river,  the  old  bank  runs  parallel  to  the 
edge  of  the  gorge  and  at  a  short  distance  inland  from  this.  From 
Suspension  Bridge  to  the  whirlpool  it  makes  a  curve  somewhat  more 
cresccntic  than  that  of  the  margin  of  the  gorge,  and  a  similar  curve 
from  the  whirlpool  to  Bloody  run  at  the  Devil's  hole.  On  the  Can- 
adian side  these  old  river  banks  can  be  traced  from  above  the  falls 
almost  to  P>rock's  monument,  and  in  some  cases  two  or  three  suc- 
cessive terraces  are  recognizable.  In  Queen  \'ictoria  park  they 
constitute  the  steep  slope  which  ])ounds  the  park  on  the  west,  and 
parts  of  which  are  still  actively  eroded.  Less  than  a  mile  below 
the  carriage  bridge,  the  old  banks  approach  close  to  the  modern 
one  and  continue,  almost  coincident  with  it,  to  the  railway  bridges 
at  Clifton.  From  here  to  the  whirlpool  the  old  river  margin  has  a 
nearly  straight  course,  while  the  modern  one  is  curved,  and  a  similar 
relation  holds  below  the  whirl])0()l,  though  here,  from  the  great 
curvature  of  the  modern  channel,  the  old  banks  are  in  places  nearly 
a  mile  distant."^     (Plate  6) 


'These   old   river  banks   arc   indicatctl   on    tlie   geologic     map    by   dotted 
lines;  the  localities  where  shells  have  been  found  are  shown  by  crosses. 
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Within  the  old  channel  thus  outlined,  which  was  much  broader 
than  the  modern  channel  below  the  falls,  accumulations  of  stratified 
sands  and  gravels  were  formed  in  the  more  protected  places,  much 
as  such  deposits  are  formed  in  streams  today,  where  sands  are  swept 
into  protected  areas.  With  these  sands  and  gravels  were  swept  to- 
gether the  shells  of  those  mollusks  which  lived  in  the  river  water, 
and  many  of  which  were  of  the  species  now  found  living  in  the 
upper  Niagara.^  Most  of  the  shells  thus  swept  together  were  prob- 
ably of  dead  individuals,  though  living  ones  may  also  have  been 
carried  into  these  growing  deposits.  Many  excavations  have  been 
made  in  these  ancient  deposits,  fragments  of  which  are  preserved  in 
various  places  between  the  former  and  present  banks  of  the  river. 
The  most  notable  of  these  and  the  one  longest  known  is  on  Goat 
island,  perhaps  a  quarter  of  a  mile  inland  from  the  edge  of  the  cliff, 
at  the  Biddle  stairway.  In  the  section  opened  here,  most  of  the 
material  is  seen  to  be  coarse  and  rudely  stratified.  The  pebbles 
are  subangular,  often  quite  angular,  while  some  appear  to  be  scarcely 
worn  at  all.  Blocks  a  foot  or  more  in  diameter  are  not  infrequent, 
the  material  being  generally  limestone  from  adjoining  ledges, 
though  fragments  of  sandstone  and  of  crystalline  rocks  are  not  un- 
common. Occasionally  a  lens  of  fine  sand  occurs  which  shows 
cross-bedding  structure,  the  laminae  pointing  in  a  northwesterly  di- 
rection. The  shells  are  found  on  the  cross-bedding  planes,  con- 
forming with  them,  and  indicating  that  they  were  spread  there  by 
the  current  which  moved  the  sand  grains.  Among  the  coarse  ma- 
terial the  shells  are  mixed  indiscriminately.  In  many  cases  the 
gravels  are  of  the  loose  type,  with  scarcely  any  sand  between  them, 
indicating  deposition  by  a  powerful  current.  Along  these  zones  air 
and  water  have  most  readily  penetrated,  and  a  deposition  of  iron 
oxid  has  been  formed  which  stains  both  pebbles  and  shells.  The 
shells  are  generally  very  fragile,  and  commonly  show  signs  of  wear. 
Gastropods  are  most  abundant  in  the  Goat  island  gravels. 

In  Prospect  park  several  excavations  formerly  exposed  these 
gravels.  The  deposit  here  consists  of  sand  and  gravel  with  the 
pebbles  moderately  rounded,  though  occasionally  subangular,  and 

*For  descriptions  and  illustrations  of  these  shells,  see  chapter  5« 
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^For  descriptions  and  illustrations  of  these  shells,  see  chapter  5. 


68'  NEW   YORK  STATE   MUSEUM 

varying  in  diameter  up  to  6  inches  or  a  foot.  The  stratification  is 
rude,  and  shells  are  abundant.  These  are  mostly  fresh-waler  mus- 
sels (Unio,  Alasmodonta,  etc.)  and  the  valves  are  generally 
found  in  conjunction,  a  fact  which  may  indicate  that  these  shells 
lived  here.  Small  gastropod  and  pelecypod  shells  are  plentifully 
mingled  with  the  pebbles  and  sands.  Below  this  are  coarser  de- 
posits where  boulders  up  to  several  feet  in  diameter  occur,  and  below 
this  occurs  a  bluish  clay.  In  all  of  these  beds  shells  have  been 
sparingly  found. 

Several  excavations  have  been  made  in  Queen  \'ictoria  park,  and 
here  shells  are  common.  The  Unionidae  appear  to  be  most  abund- 
ant, though  small  gastropods  are  not  uncommon.  All  appear  to 
have  been  more  or  less  waterworn.  The  mussel  shells  are  gen- 
erally decayed,  owing  no  doubt  to  percolating  waters.  Below  Qif- 
ton,  the  lower  of  two  terraces  is  of  a  somewhat  sandy  character, 
though  many  boulders  occur  in  it.  Shells  of  unios  occur  sparingly 
in  these  deposits,  and  a  few  small  gastropods  were  found  in  the 
lowest  terrace.  Farther  north  several  excavations  in  the  lower  ter- 
races of  the  old  river  show  loose  gravels  alternating  with  a  sort  of 
till,  a  few  Goniobasis  and  other  gastropod  shells  being  found 
here.  In  some  cases  the  gravels  have  become  cemented  into  a  con- 
glomerate by  a  deposit  of  calcite  between  thcni,  often  of  consider- 
able thickness.  Boulders  of  similarly  cemented  gravels  are  found 
in  the  gorge  below,  at  the  whirlpool. 

It  will  thus  be  seen  that,  throughout  the  greater  part  of  the  young 
Niagara,  (lc])Osition  was  going  on  as  well  as  erosion.  The  amount 
of  erosion  of  the  river  l)ed  was  prol)al)ly  very  slight,  that  of  the 
banks  being  much  more  pronounced.  The  chief  part  in  the 
cutting  of  the  gorge  was  enacted  by  the  cataract,  which  cut 
backicard  from  Lewiston,  the  amount  of  dircuz^'ard  cutting  by 
tlic  river  hcinir  insicfnificant.  Tlie  manner  in  which  the  cata- 
ract  jnrfornK'd  its  work  of  cutting  may  today  be  observed 
in  both  the  American  and  Canadian  falls,  as  well  as  in  water- 
falls of  other  streams  falling  over  strata,  the  arrangement  of  w^hich 
is  similar  to  that  obtaining  at  Niagara.  The  essentials  are  a  re- 
sistant stratum  overlying  a  weak  one,  the  latter  being  constantly 


cliff  on  Ibe  CaDBdlan  side  o[  the  itarRe,  abowlng  (he  receding  bi«.  Thp  giant 
Irlcle  mirki  tbe  edge  at  the  aierbanglng  ledge  (Copjriigbt  bj  ViiderwcMid  A 
Underwood,  New  Tork) 


■ 


NIAGARA  FALLS  AND   VICINITY  69 

worn  away  by  the  spray  generated  by  the  falhng  water,  thus  under- 
mining the  resistant  layer.  Such  undermining  may  be  seen  in  the 
Cave  of  the  Winds.  In  course  of  time  this  undermining  progresses 
so  far  that  the  projecting  portion  of  the  capping  stratum  breaks 
down  for  want  of  support,  and  the  crest  line  of  the  fall  becomes 
abruptly  altered.  The  fallen  fragments  accumulate  at  the  foot  of 
the  fall,  where  they  will  remain  if  the  force  of  the  water  is  unable 
to  move  them,  as  ilhistrate<l  by  the  rock  masses  lying  at  the  foot 
of  the  American  fall.  If,  however,  ihe  force  of  the  falling  water  is 
great  as  at  tJie  Horseshoe  falls,  these  blocks  will  he  moved  about, 
perhaps  even  spun  about,  and  so  made  to  dig  a  deep  channel  below 
the  falls.  In  the  soft  rocks  which  lie  at  the  fi)Ot  of  the  Horseshoe 
falls  a  channel  probably  not  less  than  200  feet  in  depth  has  been 
dug  in  this  manner.     (Fig.  15) 


When  we  cons  Icr  tl  e  \  agara  g  rg  n  I  ta  1  wc  find  it  to  be 
much  more  complex  than  would  at  first  appear.  The  first  ab- 
normal feature  which  presents  itself  in  a  map  view  of  the  entire 
gorge  is  the  bi-crescentie  character  of  its  course,  with  the  rectan- 
gular turn  at  the  whirlpool,  a  course  very  different  from  that  which 
we  are  accustomed  to  find  in  large  rivers  whose  direction  of  flow 
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a  guide  to  the  young  Niagara.  The  southward  continuation  of 
this  channel  beyond  the  Devil's  hole,  is  found  in  the  valley  of 
Bloody  run,  a  shallow  but  distinct  depression  now  followed  in  part 
by  the  Lewiston  branch  of  the  New  York  Central  railroad  and 
evidently  of    preglacial  origin,  as  its  floor  is  covered  with  till. 

Next  above  this  lowest  section  of  the  gorge  is  one,  in  general 
much  broader,  and  extending  in  a  southwest  direction  from  the 
Devil's  hole  to  the  whirlpool,  a  distance  of  a  little  less  than  two 
miles.  This  section  is  contracted  near  its  middle  by  the  projection 
from  the  Canadian  bank,  known  as  Fosters  flats,  or  Niagara  glen. 

The  river  is  here  scarcely  300  feet  wide,  though  the  tops  of  the 
banks  are  in  places  over  1700  feet  apart.  Above  Fosters  flats  and 
almost  as  far  as  the  whirlpool,  the  river  is  very  calm,  and  apparently 
deep,  while  at  the  point  of  contraction  at  the  southern  end  of  Fos- 
ters flats,  the  waters  suddenly  become  tumultuous  and  rush 
through  the  narrow  channel  with  great  velocity.  This  sudden 
change  "has  been  attributed  to  a  sudden  decrease  in  depth  of  the 
river  at  this  point,  but  it  is  evident  that,  even  if  the  channel  had  the 
same  depth  as  above,  the  sudden  contraction  would  produce  a 
similar  effect,  for  the  waters,  spread  out  over  a  broad  and  deep 
channel^  on  being  suddenly  forced  to  pass  through  a  narrow  one, 
would  from  mere  crowding  into  a  smaller  space  assume  a  violent 

aspect. 

Niagara  glen,  or  Foster's  Hats 

PLATE   8 

This  is  one  of  the  most  interesting  places  along  the  whole 
Niagara  river,  though  generally  little  visited  by  tourists.  From  the 
Canadian  side  a  platform  of  limestone  projects,  whose  surface  is  a 
little  below  that  of  the  general  level  of  the  upland  plain,  from  which 
it  is  separated  by  a  steep  bluff.  The  platform  is  known  as  Winter- 
green  flat,  and,  though  sparingly  wooded,  is  very  deficient  in  soil. 
The  bluff  which  bounds  it  on  the  west  is  a  part  of  the  old  river 
bank.  On  the  remaining  sides  this  platform  is  limited  by  abruptly 
descending  cliffs,  at  the  base  of  which  are  extensive  talus 
slopes  descending  to  a  lowland  of  considerable  extent.  This  low- 
land, which  is  known  as  Fosters  flats,  has  its  surface  well  strewn 
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milisliirl)ed  renmants  of  the  lower 
1-  1)1  this  iiUl  channel  Is  strewn  with 
I  ;i>  arc  loiinil  at  the  foot  of  the 
■It  liank  is  the  precipitous  west  wall 
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rapidly.  "  When  the  Canadian  fall  reached  the  head  of  the  island, 
the  American  had  just  passed  it,  and  part  of  the  sheet  of  water  on 
Wintergreen  flat  was  drained  eastward  into  the  gorge  opened  by  the 
American  fall.  The  Canadian  fall,  through  the  loss  of  this  water, 
became  less  active,  and  soon  fell  out  of  the  race."^  By  the  final  re- 
treat of  the  American  fall  beyond  the  southern  end  of  Wintergreen 
flat,  the  latter  was  left  as  a  dry  platform  with  precipitous  sides,  over 
which  once  poured  a  portion  of  Niagara's  torrent. 

While  the  occurrence  of  an  island  in  the  position  pointed  out  by 
Gilbert  was  undoubtedly  the  immediate  cause  of  the  division  of  the 
falls,  the  more  fundamental  cause,  and  the  one  to  which  the  island 
itself  owed  its  existence,  is  to  be  sought  elsewhere.  From  an  in- 
spection of  the  map  the  suggestion  presents  itself  that  there  may 
be  a  vital  connection  between  the  abandoned  falls  at  Fosters  flats 
and  the  great  bend  of  the  river  at  the  whirlpool.  When  a  great 
river  runs  for  a  mile  or  more  in  a  straight  line,  as  the  Niagara  does 
above  the  whirlpool,  and  then  abruptly  turns  to  the  right,  the  cur- 
rent is  deflected  by  this  sudden  change  in  direction  to  the  right  bank 
of  the  river  below  the  bend,  which  it  continues  to  hug  till  again  de- 
flected. It  is  thus  that  the  greatest  amount  of  water  will  be  carried 
along  the  right  bank  of  the  river,  causing  a  deeper  channeling  there. 
When  Niagara  falls  had  receded  to  the  present  northern  end  of 
Foster's  flats,  the  greatest  amount  of  water  was  carried  over  its 
right  side.  The  resulting  deepening  of  the  channel  on  the  right, 
and  the  consequent  drawing  off  of  the  water  toward  that  side,  was 
the  cause  of  the  appearance  of  the  island  (if  such  existed,  as  seems 
probable  from  the  remaining  foundation)  above  the  water  and  the 
consequent  division  of  the  falls.  A  precisely  analogous  feature  oc- 
curs in  the  lower  falls  of  the  Genesee  river  below  Portage.  Here, 
however,  no  island  was  formed,  though  in  other  respects  the  two 
cases  are  nearly  alike.  In  the  (jenesee  the  change  has  occurred 
in  comparatively  recent  times,  and  records  of  earlier  conditions  have 
been  preserved.  An  abrupt  bend  of  the  river  to  the  right,  deflected 
the  current  to  the  right  bank  below  the  bend,  and  thus  caused  the 
deepening  of  the  river  bed  on  that  side,  as  well  as  the  more  rapid 

'Gilbert.     Nat.  geog.  monographs.     Niagara  falls  and  their  history. 
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recession  of  the  right  hand  portion  of  the  falls.  In  the  course  of  a 
comparatively  short  time  the  channel  became  so  deep  on  the  right, 
and  the  falls  receded  so  fast  on  that  side,  that  all  the  water  was 
drawn  oflf  from  the  larger  portion  of  the  river  bed  on  the  left,  w^hich 
today  remains  as  a  triangular  platform  comparable  to  Wintergreen 
flat,  with  steep  sides,  and  several  hundred  feet  wide,  at  its  down- 
stream end.  The  river  now  flows  in  a  channel,  in  places  less  than 
lo  feet  wide,  and  loo  feet  below  the  level  of  the  platform  which 
was  its  bed  less  than  lOO  years  ago.  The  present  lower  fall,  having 
mostly  receded  beyond  the  upstream  end  of  the  platform,  again 
extends  across  the  entire  bed  of  the  river.  The  water  in  the  river 
has  not,  as  far  as  known^  changed  in  average  volume,  though  above 
and  below  the  narrow  part  the  gorge  is  many  times  as  wide.  All 
the  water  which  passes  in  a  thin  sheet  over  a  broad  fall  above  the 
narrow  gorge  is  forced  to  pass  through  this  contracted  portion,  and 
presents  a  rushing  current,  though  the  bed  is  deeper  here  than 
where  the  gorge  is  broader.  The  time  required  for  the  recession 
of  the  fall  over  the  space  of  the  2000  feet  of  narrow  gorge,  must 
have  been  much  shorter  than  that  required  for  the  recession  through 
a  similar  length  in  the  broader  portion  of  the  gorge,  for  the  con- 
centration of  the  waters  here  enabled  it  to  do  much  more  effective 
work. 

Judging  l)y  analogy,  wc  may  assume  that  the  narrow  channel  op- 
posite Foster's  flats  was  cut  by  a  stream  of  the  full  power  of  the 
present  Niagara,  but  whose  main  mass  of  waters  was  carried  over 
the  right  side  of  the  fall  on  account  of  the  bend  in  the  stream  above. 
The  i)resent  Horseshoe  falls  is  cutting  a  nmch  narrower  gorge  than 
that  to  the  north  of  it,  owing  to  its  peculiar  position  at  the  angle 
of  a  second  great  bend.  (hig.  19)  TVom  the  fact  that  the  cutting 
was  most  profound  on  the  eastern  or  right  bank  of  the  river  at 
l-'ostcr's  tlats,  this  bank  has  received  the  precipitous  character  which 
it  has  retained  to  the  ])resent  day. 

An  interesting  fact  bearing  on  the  interpretation  of  the  history 
of  I-'oster's  tlats,  is  the  occurrence  in  the  sands  among  the  huge 
boulders  near  the  foot  of  the  ancient  falls,  of  shells  of  the  small 
fresh-water     gastn^pod,      IV)  ni  a  t  i  o  ji  s  i  s      1  a  j)  i  d  a  r  i  a      Say,^ 


^Scc  chapter  5. 


NIAGARA    FALLS   AND    VICINITY  75 

Mrhich  is  found  living  in  the  Niagara  river  today,  but  only  on  the 
rocks  and  boulders  lying  in  the  constant  spray  of  the  modern 
cataract. 

After  passing  Foster's  flats,  the  scene  of  greatest  erosive  activity 
seems  to  have  been  transferred  to  the  left  bank  of  the  river.  This 
is  indicated  by  the  verticality  of  this  side  of  the  gorge  south  of  Fos- 
ter's flats,  which  suggests  active  erosion,  while  the  lowland  known 
as  Ongiara  park  opposite  to  this  on  the  New  York  side  of  the  river, 
with  its  enormous  boulders  scattered  about,  recalls  the  dry  chan- 
nel on  Fosters  flats  or  the  foot  of  the  present  American  fall,  and 
suggests  an  amount  of  water  insufficient  to  remove  them.  This 
may  be  accounted  for  by  assuming  that  the  nearness  of  the  fall  had 


re«t«r 


•  t  i  i  «  ft  • 

Fig.  18  Longitudinal  section  of  the  Niagara  gorge  from  the  falls  F  to  Queenoton  bights  E.  show- 
ing strata  of  wrat  bank  and  depth  of  channel.  (After  Oilbert)  R  railway  bridges.  W  whirlpool* 
Foster  =  Foster's  flats.    Figures  Indicate  miles. 

given  the  river  itself  greater  momentum  above  the  fall,  and  that 
hence  it  dug  deeper  into  the  old  drift-filled  valley  of  the  St  Davids 
at  the  whirlpool.  As  a  result,  the  deflection  of  the  current  to  the 
right  bank  became  more  abrupt,  striking  the  New  York  bank  im- 
mediately south  of  where  Ongiara  park  now  is,  and,  being  again  de- 
flected toward  the  Canadian  side,  it  reached  this  just  at  the  southern 
end  of  Foster's  flats,  thenceforth  for  a  time  causing  the  most  active 
erosion  on  that  side.  The  washing  out  of  the  drift  from  the  old 
St  David's  channel  furnished  the  river  with  tools  with  which  it  was 
able  to  cut  down  into  its  bed,  so  that  in  this  portion  erosion  was 
probably  both  by  backward  cutting  of  the  falls  and  downward  cut- 
ting of  the  river  above  the  falls. 

We  have  so  far  considered  the  falls  as  of  simple  type,  but  it  is 
by  no  means  certain  that  such  was  the  case.  If  we  judged  from 
analogy  with  other  streams  which  have  cut  gorges  in  the  same  strata 
as  those  found  at  Niagara,  we  should  suppose  that,  as  in  the  case 
of  these  streams,  a  separate  fall  was  caused  at  Niagara  by  each  re- 
sistant layer.  Thus  in  the  lower  Genesee  river,  at  Rochester,  one 
fall  is  caused  by  the  upper  hard  bed  of  the  Medina  formation,  an- 
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Other  by  the  limestone  of  the  Clinton  group,  and  a  third  by  the 
Lockport  limestone.  In  the  Niagara  river  we  might  suppose  that 
at  least  three,  and  possibly  four,  falls  had  existed  at  one  time.  The 
lowest  of  these  would  have  been  over  a  hard  bed  of  sandstone^ 
about  25  feet  thick,  and  about  100  feet  below  the  top  of  the  Medina 
group.  Another  might  have  been  caused  by  the  hard  capping 
stratum  of  Medina  sandstone,  10  feet  thick.  A  third  over  the  30 
feet  of  Clinton  limestone;  while  a  fourth  would  have  been  formed 
over  the  Lockport  limestone.  The  second  and  third  would  per- 
haps unite  in  one,  as  the  shale  bed  between  the  two  resistant  layers 
is  only  6  feet  thick.  It  may  however  be  objected  that  in  a  great 
cataract  the  force  of  the  falling  water  is  such  as  to  cause  uniform 
recession  of  all  the  layers,  and  that  hence  only  one  great  fall  existed. 

The  zchirlpool 

PLATE   9 

Perhaps  the  most  remarkable  part  of  the  entire  gorge  is  its  great 
swollen  elbow,  the  whirlpool.  Here  the  current  rushing  in  from  the 
southeast  with  great  velocity,  circles  around  the  basin  and  finally 
escapes,  by  passing  under  the  incoming  current,  through  the  com- 
paratively narrow  outlet,  in  a  northeasterly  direction.  The  waters 
in  the  whirlpool  have  probably  a  depth  of  150  or  200  feet,  but 
both  the  outlet  and  the  inlet  arc  shallow,  for  here  ledges  of  the 
hard  quartzose  bed  of  the  Medina  formation  project  into  the  river, 
extending  in  the  latter  case  probably  across  the  channel.  An  ex- 
amination of  the  walls  of  the  whirlpool  basin  shows  that  rock  is 
absent  on  its  northwestern  side,  the  wall  here  being  formed  of  un- 
consolidated material  or  drift.  This  is  l)cst  seen  on  descending  to 
the  edge  of  the  whirlpool  on  the  Canadian  side,  through  the  ravine 
of  Bowmans  creek.  It  will  be  observed  that  the  Niagara  has  here 
exposed  a  cross-section  of  the  ancient  drift-filled  channel  which  ex- 
tends southeastward  from  St  Davids.    This  channel  appears  to  have 

en  that  of  a  preglacial  stream  of  the  obsecjuent  type,^  which  was 

itary  to  the  streams  of  the  r)ntario  lowland.     Some  geologists 

ver,  notably  Mr  Taylor,  believe  that  this  old  channel  may  have 
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been  formed  by  a  river  and  cataract  similar  to  the  Niagara  of  today, 
during  interglacial  time.  That  this  old  channel  was  once  occupied 
by  ice  is  shown  by  the  glacial  scratches  on  the  limestone  ledges  ex- 
posed in  the  western  wall  of  the  old  gorge,  where  this  has  been 
cleared  of  drift  by  Bowmans  creek,  and  it  is  apparent  that  the  filling 
in  by  drift  must  have  occurred  after  the  ice  occupation.  An  in- 
spection of  the  map  will  show  that  a  part  of  the  present  Niagara 
gorge,  that  containing  the  whirlpool  rapids,  is  in  direct  continuation 
of  the  old  St  Davids  channel,  and  that,  a  little  above  the  railroad 
bridges,  the  Niagara  makes  d  pronounced  bend,  which  brings  it  in 
conformity  with  the  direction  of  this  channel.  This  suggests  that 
there  was  at  least  a  shallow  depression,  the  insignificant  southeast- 
ward continuation  of  the  St  Davids  channel,  which  guided  the 
waters  of  the  Niagara  in  this  direction.  Here  a  (|uestion  of  great 
importance  in  the  history  of  the  Niagara  presents  itself.  Did  the 
ancient  St  Davids  gorge  end  where  is  now  the  south  side  of  the 
whirlpool,  with  only  a  shallow  surface  channel  extending  beyond 
this  point,  or  was  the  gorge  of  the  whirlpool  rapids  a  part  of  the 
old  St  Davids  channel,  which  was  merely  cleared  by  the  Niagara 
of  the  drift  that  filled  it?  The  latter  condition  was  assumed  to  be 
the  true  one  by  Dr  Julius  Pohlman  of  Buffalo,  a  pioneer  in  the  study 
of  the  Niagara  gorge  and  the  first  to  recognize  the  complexity  of 
the  channel  and  attempt  to  account  for  its  varying  character.  Tlie 
theory  is  still,  held  by  many  geologists.  On  the  other  hand,  Taylor 
and  others  think  it  more  likely  that  the  ancient  gorge  stopped  where 
is  now  the  inlet  to  the  whirlpool,  and  that  the  gorge  above  it  is 
the  product  of  post-glacial  erosion.  If  this  view  be  accepted,  the 
narrowness  and  shallowness  of  the  gorge  of  the  whirlpool  rapids 
must  be  accounted  for  by  some  change  in  the  volume  of  water  dur- 
ing its  formation.  Taylor,  who  has  studied  this  problem,  has  come 
to  the  conclusion  that,  during  the  time  that  the  gorge  of  the  whirl- 
pool rapids  was  being  excavated,  the  upper  great  lakes  (then  united 
into  Lake  Nipissing)  discharged  by  way  of  the  Nipissing-Mattawa 
river  as  already  outlined,  and  that  therefore  Niagara  drained  only 
the  shallow  Lake  Erie,  the  amount  of  water  in  the  river  being  only 
one  eighth  its  present  volume.     It  is  easy  to  see  that  such  a  reduc- 
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tion  in  volume  would  lead  to  a  great  decrease  in  cutting  power,  and 
that  tiie  resultant  gorge  would  hence  be  much  narrower  and  shal- 
lower than  the  one  cut  when  the  water  supply  was  as  large  as  at 
present.     The  Xipissing-Mattawa  outlet  was  finally  closed,  as  we 
have  seen,  by  the  elevation  of  the  land  on  the  north,  and  the  upper 
lakes  assumed  their  modern  outlet  bv  wav  of  Port  Huron.     As  a 
result  the  water  supply  of  Niagara  was  greatly  increased,  and  the 
broad  and  deep  gorge,  which  extends  from  south  of  the  railway 
bridges  to  the  present  falls,  was  cut  by  a  cataract  of  the  size  of  the 
present  Horseshoe  falls,  which  in  addition  carried  the  water  now 
passing  over  the  American  falls.     This  correlation  between  chang^e 
in  drainage  of  the  upper  lakes  and  change  in  size  of  the  gorge  of 
Niagara  is  certainly  very  suggestive,  and  seems  admirably  to  ac- 
count for  many  features  observed  in  the  gorge.     For  example,   it 
explains  satisfactorily  the  sudden  widening  of  the  gorge  just  before 
reaching  the  whirlpix)!,  forming  what  Taylor  has  called  the  Eddy 
basin,  from  the  strong  eddy  which  characterizes  this  portion  of  the 
river.     This  wider  part  of  the  gorge  Taylor  believes  was  formed  by 
the  same  large-v(^lume  river  which  cut  out  the  broad  channel  north 
of  the  whirli)ool,  and  he  farther  thinks,  that  the  sudden  change  from 
this  l)road  channel  It)  the  narrow  one  of  the  whirlpool  rapids  marks 
the  reduction  in  v(.)lunie  of  water  on  the  opening  of  the  Nipissing- 
Alattawa  channel,  which  had  hitherto  l)een  blocked  bv  the  remnant 
of   the    Laurentian    glacier.     I'here   are    however   several   features 
which  must  be   satisfactorily  explained  before  this  theory  (which 
Ui^liam  rejects  on  grounds  already  stated)  can  be  accepted.     It  is 
highly  probable  that  the  gorge  of  St  Davids  was  worn  back  beyond 
the  whirlpool.     1^'roni  the  great  depth  of  the  whirlpool  basin,  and 
the  i)resence  of  the  quartzose  sandstone  bed  at  the  Inlet  to  it,  it 
seems  probable  that  a  fall  existed  here  in  the  ancient  stream  which 
carved  the  St  Davids  channel.     That  channel  has  probably  a  depth 
similar  to  or  greater  than   that  of  the  part  now   constituting  the 
whirlp(jol  basin.     Now,  if,  as  we  have  reason  to  believe,  this  old 
channel  was  formed  by  an  ol)se(|uent  stream  of  moderate  volume 
flowing  northward  to  the  Ontario  lowland,  it  can  hardly  be  assinned 
that  there  was  but  one  continuous  fall  i:>f  from  four  hundred  to  five 
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hundred  feet  in  hight,  with  such  a  pronounced  alternation  of  hard 
and  soft  layers.  We  must  rather  assume  that  a  separate  fall  existed 
over  each  hard  layer,  and  that,  as  in  the  other  streams  flowing  north- 
ward over  these  same  strata,  these  falls  were  separated  from  one 
another  by  considerable  distances.  If  then,  as  is  clearly  indicated 
by  the  quartzose  sandstone  ledge  at  the  inlet  to  the  whirlpool,  the 
lowest  of  these  falls  was  at  that  place,  the  other  two  or  three  must 
have  been  at  some  distances  up  stream,  and  in  that  case  it  is  not  too 
much  to  assume  with  Pohlman,  that  the  upper  old  falls  over  the 
Lockport  limestone  were  somewhere  near  where  the  gorge  is  now 
spanned  by  the  railway  bridges.  Taylor,  however,  does  not  en- 
counter this  difficulty,  for  he  assumes  that  the  St  Davids  gorge  was 
formed  by  an  interglacial  Niagara,  the  great  cataract  of  which,  just 
before  its  cessation  (probably  through  a  southward  diversion  of  the 
drainage)  plunged  as  a  single  fall  over  the  cliflf  into  the  basin  now 
holding  the  whirlpool.  To  this  view  it  may  be  objected  that  the 
old  St  Davids  gorge  is  not  such  as  would  be  formed  by  a  single 
great  cataract,  since  it  flares  out  northward,  having  a  width  at  St 
Davids  of  perhaps  two  miles.  Such  a  form  is  more  readily  ac- 
counted for  if  one  assumes  that  the  valley  was  made  by  the  headward 
gnawing  of  an  obse(|uent  stream  and  its  various  branches.  Taylor 
meets  this  objection  by  invoking  the  action  of  readvancing  ice  to 
broaden  the  gorge,  but,  unless  the  last  ice  advance  was  from  a  very 
diflferent  direction  from  that  indicated  by  the  striae  of  this  region, 
this  hypothesis  will  scarcely  hold.  That  direction,  as  already  noted, 
is  30°  west  of  south,  while  the  direction  of  the  old  gorge  is  almost 
due  northwest.  Why  may  we  not  assume  that  only  a  portion,  the 
southern  one  of  the  gorge  of  the  whirlpool  rapids,  was  carved  by 
the  Niagara  during  the  time  that  its  volume  was  diminished,  and 
that  the  greater  portion  of  this  gorge  was  preglacial?  This  would 
greatly  reduce  the  length  of  time  during  which  the  upper  lakes  dis- 
charged by  way  of  the  Nipissing-Mattawa  river,  though  probably 
leaving  time  enough  for  the  waters  from  these  lakes  to  produce  all 
the  erosion  features  found  in  this  ancient  stream  channel.  This 
would  still  leave  the  Eddy  basin  to  be  accounted  for,  a  difficulty 
which  may  perhaps  be  diminished  by  assuming  that  the  second  of 
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tii*  i^n*  uht  falls  was  siluatod  at  the  point  where  the  gorge  contracts 
lo  tli<   v\i/Jih  'if  till*  narrower  channel  of  the  whirlpool  rapids. 

h  v\j|J  (hii.^  In*  ^cvw  that  this  interesting  problem  of  the  origin 
vi  tlj<  H'''M*'  "f  ^1'*'  whirlpool  rapids,  propounded  nearly  20  years 
Ai-'i/'j  l/s  I  ir  r<ihhnan,  is  U\  wo  means  wholly  solved.  We  may  re- 
tujji  tt,  iJM-  nii^iiial  si>luiion  of  the  pro|xnmder  of  the  question  or 
»\*  nru)  liiid  hi'SN  i-videnoe  which  will  corroborate  Taylor's  explana- 
U'/ii.  And  ssh«»  Mhall  Na\  that  still  other  explanations  of  these  fea- 
tijj'>  niii\  hill  Ik*  IvuihcvMuin^  in  the  future,  when  those  now  de- 
hi'mi\]uy,  alliniivMi  will  be  no  longer  regarded  as  plausible  or  sufii- 


i  i*  n\  r 


1*1    \l  \>S    I.  -\  4.    ^.    I  I 

W  h.ili  \i  \  max  be  bclic\cvl  wi:!^  vetcretTce  :«,>  the  narrow  gnoi^e  of 
iIm  uhirl|uu>l  uipids,  ukvn*  ol\NvT\crx  agree  :-ia:  :he  broad  and  deep 
j<nif;i'  limn  1  hUv»u  lo  ihc  rvcsc^^:  ra'ls  was  made  by  a  cataract  cany- 
nif;  ihr  lull  ^uppK  oi  wa:ci".  lli^.  tl^v  latere  and  :ix^5t  neadily  in- 
hipiiUil  pan  v»i  ihc  <o:gc.  -tas  cvnie  :•?  an  «;;rid  a:  :he  Horseshoe 
lidb>  111  bula\.  a\Kl  iv>c  v*\i^\w*.c:*  .^'  :'k'  c'lanne*  'leneafter  f i>  W  made 
I  an  nul\  bv  v\'UK\^iv.'Cv*.  V'v  -'^v'-  !"ta.>  -eaciioi  xa!»c»ciKflr  of  its 
illlhal  |»oiul^.  w^u'v  .1  "cc-.d 'gv'a-  *::•''  •-  -rid'-e.  jitiJ^  ::  ^  T>c<a  ian- 
|ii.t|i.il'K    I'.'- i;     .>    .      '  X        '.  •  -.    --      '■-•'-.   ■""'-    :Mri-r::r  c-i  :l:e 
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rents  may  be  seen  from  the  upper  walks  in  the  Canadian  park,  and 
the  effectual  erosion  of  the  banks  may  also  be  observed.  In  many 
cases  the  shores  have  been  ballasted  and  otherwise  protected  against 
the  current.  During  an  earlier  period,  when  the  falls  were  situated 
farther  north,  and  before  the  central  part  of  the  stream  had  been 
deepened  to  its  present  extent,  the  water,  then  at  the  level  of  the 
river  above  Goat  island,  flooded  what  is  now  the  Queen  A'ictoria 


park,  and  carved  from  the  till  the  pronounced  concave  wall  which 
now  bounds  ihe  park  on  the  west.  A  local  eddy,  probably  during 
very  recent  times,  carved  the  steep  and  still  fresh  semicircular  cliff 
which  incloses  the  Duffcrin  islands. 

The  fate  of  Goat  island  is  not  difficult  to  foresee.     In  a  thousand 
years  from  now,  at  the  present  rate  of  recession,  the  Horseshoe  falls 
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will  have  reached  the  upper  end  of  the  island  and  will  draw  off  all 
the  waters  from  the  American  falls,  which  by  that  time  will  have 
receded  only  about  half  way  to  the  Goat  island  bridge.  All  the 
islands  will  then  be  joined  by  a  dry  channel  to  the  mainland,  an 
event  which  was  anticipated  in  the  year  1848,  when,  owing  to  an  ice 
blockade  in  the  Niagara  river  near  Buffalo,  the  American  fall  was 
deprived  of  all  its  waters  for  a  day.  As  already  indicated  by  Gil- 
bert's forecast,  in  from  two  to  three  thousand  years  from  now,  or 
long  before  the  falls  have  even  reached  the  head  of  Grand  island, 
the  drainage  of  the  great  lakes  will  be  reversed,  provided  the  land 
continues  to  rise  northward  as  it  has  in  the  past,  and  Niagara  will 
carry  only  the  drainage  of  the  immediate  neighborhood.  From  a 
majestic  cataract  it  will  dwindle  to  a  few  threads  of  water  falling  over 
the  great  precipice,  such  as  may  be  seen  during  the  summer  season 
in  the  upper  falls  of  the  Genesee  at  Rochester. 

Age  of  Niagara 

Speculations  as  to  the  age  of  Niagara  have  been  indulged  in  ever 
since  men  began  to  recognize  that  the  river  had  carved  its  own 
channel.  The  length  of  time  required  for  the  excavation  of  Niagara 
gorge  is  not  merely  of  local  interest  but  serves  as  a  basis  for  esti- 
mating the  length  of  time  since  the  disappearance  of  the  Laurcntian 
glaciers  from  this  region,  and  incidentally  it  has  served  as  a  chro- 
nometer for  approximately  measuring  the  age  of  the  human  race 
on  this  continent.  From  insufficient  data  Sir  Charles  Lyell  esti- 
mated the  age  of  Niagara  at  36,000  years,  while  others  have  assumed 
an  age  as  high  as  100,000  years  or  more. 

No  reliable  basis  for  estimating  the  age  of  the  gorge  was  known 
till  a  series  of  surveys  were  made  to  determine  the  actual  recession 
of  the  cataracts.  r>om  these  the  following  variable  rates  of  reces- 
sion of  the  two  falls  have  been  obtained.^ 


*  Report  X.  Y.  state  engineer.     1890. 
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The  American  falls 

Feet  a  year 

From  1842  to  1875  .74 

1875  *'  1886  .II 

1886  **  1890  1.65 

averaging 

From  1842  to  1890  .64 

TJie  Horseshoe  falls 

From   1842  to  1875  2.01 

1875    **    1886  1.86 

1886  '*  1890  5.01 
averaging 

From  1842  to  1890  2.18 

This  shows  a  most  rapid  increase  in  the  rate  of  recession  during 
the  four  years  between  the  last  two  surveys.  From  this  we  may 
assume  that  the  mean  recession  of  a  cataract  combining  the  volumes 
of  both  American  and  Horseshoe  falls,  such  as  existed  throughout 
the  greater  period  of  gorge  excavation,  is  at  least  three  feet  a  year 
and  may  be  as  high  as  four  or  even  five  feet  a  year. 

The  first  to  make  use  of  this  known  rate  of  recession  in  estimat- 
ing the  age  of  the  gorge  was  Dr  Julius  Pohlman.  He  considered 
that  the  gorge  of  the  whirlpool  rapids  and  other  portions  of  the 
present  gorge  were  of  preglacial  origin,  and  so  reduced  the  length 
of  post-glacial  time  to  3500  years.  Since  that  time  numerous  esti- 
mates of  the  age  of  the  gorge  have  been  made,  the  results  often 
varying  widely,  owing  to  different  interpretations  given  to  the  nar- 
row portions  of  the  gorge.  It  is  perfectly  evident  that,  if  Niagara 
was  deprived  of  seven  eighths  of  its  water  supply,  for  the  period  of 
time  during  which  the  gorge  of  the  whirlpool  rapids  was  excavated 
a  very  slow  rate  of  recession  must  have  obtained,  and  hence  the  age 
of  the  gorge  is  greatly  increased.  Upham,  who  does  not  believe 
in  the  withdrawal  of  the  waters,  makes  the  age  of  the  gorge  be- 
tween 5000  and  10,000  years.  Spencer  and  Taylor  are  ardent  ad- 
vocates of  the  reduction  of  the  volume  of  water  during  a  prolonged 
period,  when  the  supply  from  the  upper  Great  lakes  was  cut  off. 


84  NEW  YORK  STATE  MUSEUM 

The  former  makes  the  age  of  the  gorge  in  round  numbers  32,000 
years,  the  latter  places  it  tentatively  at  50,000  years,  though  recog- 
nizing the  uncertainty  of  many  of  the  elements  which  enter  into  his 
calculations.  Prof.  G.  F.  Wright  has  recently  applied  a  most  in- 
genious method  to  the  solution  of  this  question,  and  one  which 
seems  to  eliminate  the  doubtful  factors.^  This  method  is  based  on 
the  measured  rate  of  enlargement  of  the  oldest  part  of  the  gorge  by 
atmospheric  action.  The  present  width  of  the  river  at  the  mouth 
of  the  gorge  is  770  feet,  and  Prof.  Wright  thinks  that  it  was  probably 
not  less  at  the  time  when  the  formation  of  the  gorge  began. 
Assuming  that  the  bank  at  that  time  was  vertical,  he  finds 
that  since  then  the  stratum  of  Lockport  limestone  at  the  top 
has  retreated  388  feet.  Careful  measurements  show  that  the 
total  amount  of  work  accomplished  here  by  the  atmosphere 
since  the  beginning  of  gorge  formation,  was  the  removal  from 
the  side  of  the  gorge  of  a  mass  of  rock  constituting  in  section 
an  inverted  triangle  340  feet  high  and  with  a  base  of  388  feet.  This 
would  be  similar  to  a  mass  with  a  rectangular  section  of  the  same 
hight  but  with  a  base  194  feet  wide.  The  rate  of  waste  of  the 
banks  was  measured  by  Prof.  Wright  as  accurately  as  possible  and 
found  to  be  over  one  fourth  of  an  inch  a  year,  or  a  total  amount  of 
610  cubic  yards  of  rock  from  one  mile  of  the  gor^c  wall.  From  this 
he  finds  that  10,000  years  is  the  maximum  amount  of  time  required 
for  the  entire  change  which  has  occurred  in  the  bank  since  it  was 
left  exposed  by  the  recession  of  the  cataract. 

The  most  recent  and  most  detailed  estimates  of  the  age  of  the  gorge 
have  been  made  by  Prof.  C.  H.  Hitchcock.-  He  assumes  that  the 
present  rate  of  recession  is  four  feet  annually,  and  finds  accordingly 
that  the  last  formed  section  of  the  gorge,  from  the  present  falls 
to  the  point  where  it  suddenly  contracts  above  the  railroad 
bridges,  was  formed  during  2962  years,  which  closely  agrees 
with  Pohlnian's  estimate.  Thus  the  beginning  of  the  great 
cataract  at  the  northern  end  of  the  upi)er  great  gorge  *'  dates  back 
to     1062     ]>.C.,    300    years    before     the    time    of    Romulus,    or 


'Pop.   sci.   monthly.     1899.     55:i45"55- 
^Am.  antiq.    Jan.  1901. 
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to  the  reign  of  King  David  at  Jerusalem/'  Prof.  Hitchcock  be- 
lieves that  the  gorge  of  the  whirlpool  rapids  was  formed  while 
Niagara  drained  only  the  diminished  Lake  Erie,  and  he  allows  a 
period  of  7800  years  for  the  accomplishment  of  this  task.  For  the 
erosion  of  the  remaining  portion  of  the  Niagara  gorge  Prof.  Hitch- 
cock allows  8156  years.  Thus  the  total  length  of  time  required  to 
carve  out  the  Niagara  gorge  is  considered  by  Hitchcock  to  be 
18,918  years. 

The  reader  should  here  be  reminded  that  all  such  estimates  are 
little  more  than  personal  opinions,  and  that  they  necessarily  vary 
according  to  the  individual  predilections  as  to  greater  or  less  power 
of  erosion  possessed  by  the  cataract  under  the  given  circumstances. 
The  leading  questions  concerning  the  extent  of  the  preglacial 
erosion  in  this  region,  and  the  changes  in  volume  of  water  during 
the  lifetime  of  the  Niagara,  which  are  of  such  vital  importance  in 
the  solution  of  this  problem,  arc  by  no  means  satisfactorily  answered. 
Nor  can  we  assume  that  we  are  familiar  with  all  the  factors  which 
enter  into  the  ecjuation.  There  may  be  still  undiscovered  causes 
which  may  have  operated  to  lengthen  or  shorten  the  lifetime  of  this 
great  river,  just  as  there  may  be,  and  probably  are,  factors  which 
make  anv  estimates  of  the  future  history  of  the  river  and  cataract 
little  more  than  a  mere  speculation.  We  may  perhaps  say  that  our 
present  knowledge  leads  us  to  believe  that  the  age  of  the  cataract 
is  probably  not  less  than  10,000  nor  more  than  50,000  years. 
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Chapter  j 
STRATIGRAPHY  OF  THE  NIAGARA  REGION 

The  stratigraphy  of  the  Niagara  region,  or  the  succession  of  fos- 
siliferous  beds,  their  origin,  characteristics  and  fossil  contents,  has 
since  the  time  of  Hall's  investigations  barely  received  cursory 
attention  from  American  geologists,  whose  interest  has  chiefly 
centered  in  the  problem  of  the  physical  development  of  the 
gorge  and  cataract.  A  careful  examination  of  the  strata 
of  this  region  and  of  their  fossils  reveals  problems  as  in- 
teresting and  profound  as  those  furnished  by  the  gorge 
and  cataract,  and  many  of  them  are  of  far  more  funda- 
mental and  far-reaching  significance.  Profoundly  interesting  and 
instructive  as  is  the  "  Story  of  Niagara  "  and  of  the  physical  develop- 
ment of  the  present  surface  features,  it  becomes  insignificant  when 
placed  by  the  side  of  that  great  history  of  the  rise,  development  and 
decline  of  vast  mlutitudes  of  organic  beings  which  inhabited  the 
ancient  seas  of  this  region  and  whose  former  existence  is  scarcely 
dreamt  of  by  the  average  visitor  to  the  falls.  These  ancient  hosts 
left  their  remains  embedded  in  the  rocks  of  this  region;  and  from 
the  record  thus  preserved  the  careful  student  is  able  to  read  at  least 
in  outline  the  successive  events  in  the  great  drama  which  was 
enacted  here,  in  an  anticjuity  so  remote  that  it  baffles  the  imagination 
which  would  grasp  it.  lUit  he  who  would  decipher  these  records 
nuist  bear  in  mind  the  maxim  of  La  Rochefoucauld:  ''Pour  bicn 
saz'oir  iiiic  cJiosc,  il  faut  cii  saroir  Ics  details.^'  A  knowledge  of  de- 
tails is  necessary  to  an  understanding  of  the  stratigraphic  and 
paleontologic  history  of  this  region,  and  there  is  no  better  way  of 
(obtaining  this  knowledge  than  by  a  close  study  of  the  various  sec- 
tions which  expose  the  strata  here  described. 

1lie  strata  of  the  Niagara  region  belong  to  the  Siluric  series  of 
deposits,  which  accunuilatcd  during  the  Siluric  era  of  the  earth's 
history.^  Rocks  of  Devonic  age  occupy  the  southern  portion  of 
the  district,  resting  on  and  concealing  the  Siluric  strata  which  dip 
beneath  them.     (Sec  fig.  i,  p.  19)     As  has  already  been  noted,  all 

^See  table  in  chapter  2. 
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the  rocks  of  this  region  have  a  gentle  southward  dip,  which  permits 
the  lower  members  to  appear  progressively  as  we  proceed  north- 
ward over  the  surface  of  the  old  erosion  plane.  We  may  now  pro- 
ceed to  describe  the  various  members  of  this  series  in  ascending 

order. 

Oswego  sandstone 

This,  the  lowest  member  of  the  Siluric,  is  not  exposed  in  the 
Niagara  region,  as  its  point  of  outcrop  is  now  covered  by  the  waters 
of  Lake  Ontario.  (Sec  sections  i  and  2,  fig.  7)  From  borings, 
however,  we  know  its  character  and  thickness,  which  in  this  region 
is  75  feet. 

Medina  sandstones  and  shales 

Only  the  upper  portion  of  this  formation  is  exposed  in  the 
Niagara  district,  where  the  total  thickness  is  more  than  1200  feet. 

Bed  Medina  shales.  The  upper  beds  of  this  division  are  the 
lowest  exposed  beds  in  this  region.  They  are  bright  red  sandy 
shales,  generally  of  a  very  uniform  character,  though  occasionally 
a  bed  which  might  almost  be  called  a  sandstone  occurs.  Wherever 
this  rock  is  exposed  to  the  atmosphere,  it  rapidly  breaks  down  into 
small  angular  fragments,  which  quickly  form  a  debris  slope  or  talus 
at  the  foot  of  everv  cliff.  In  the  faces  of  the  older  cliffs  this  rock 
is  so  friable,  that  it  can  readily  be  removed  by  the  hand,  the  frag- 
ments themselves  being  easily  crushed  between  the  fingers.  In  the 
course  of  time  these  fragments  disintegrate  into  a  fine  reddish  clay 
soil,  which  when  wet  has  a  rather  tenacious  character. 

As  the  lower  part  of  the  Niagara  river  from  Lewiston  to  Lake 
Ontario  is  wholly  excavated  in  this  rock,  it  may  be  seen  wherever 
the  banks  are  kept  fresh  by  the  river,  or  where  small  lateral  streams 
enter  the  Niagara.  Where  erosion  is  not  active,  the  shale  bank  is 
soon  reduced  to  a  slope  of  red  clayey  soil,  which  generally  becomes 
covered  with  vegetation. 

A  good  place  for  the  study  of  this  shale  is  on  the  New  York  side 
of  the  Lewiston  suspension  bridge,  where  a  fresh  cut  reveals  about 
50  feet  of  the  rock.  The  bridge  is  65  feet  above  the  river,  and  the 
total  thickness  of  red  shale  above  the  water  at  this  point  is  therefore 
115  feet.     The  shale  here  as  elsewhere  will  be  found  to  be  seamed 
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by  whitish  or  gpeenish  bands,  both  parallel  with  and  at  right  angles 
to  the  stratification  plane.  In  the  latter  case  they  are  seen  to  lie  on 
both  sides  of  a  joint  fissure,  which  indicates  that  the  discoloration  of 
the  rock,  often  extending  to  an  inch  on  either  side  of  the  joint,  is 
due  to  percolating  air  and  water,  the  latter  probably  carr\*ing  or- 
ganic acids  in  solution.  The  horizontal  bands,  often  several  inches 
in  thickness,  are  probably  similarly  discolored  portions  along  lines 
of  greater  permeability. 

No  fossils  have  been  found  in  these  shales. 

Gray  qnartzose  sandstone.     The  red  shales  terminate  abruptly  and 
are  succeeded  by  a  stratum  of  gray  quartzose  sandstone,  which  is 
very  resistant,  and  wherever  exposed,  produces  a  prominent  shelf. 
This  rock  varies  somewhat  in  different  portions  of  its  exposure,  but 
it  averages  perhaps  25  feet  in  thickness.     This  bed  is  exposed  along 
the  gorge  from  its  mouth  to  the  whirlpool,  where  it  forms  a  ledge 
at  the  water's  edge,  beyond  which  it  passes  below  the  water  level. 
It  is  well  shown  at  Niagara  glen,  where  a  spring  of  cool  water  issues 
from  beneath  it,  near  the  water's  edge.     In  the  bank  on  the  opposite 
side,  where  a  fine  section  of  the  rocks  of  the  gorge  is  shown,  this 
quartzose  bed  is  seen  in  its  full  thickness,  lying  between  the  red 
shale  below  and  the  shales  and  sandstones  above.     The  red  shale 
at  the  water's  edge  has  crumbled  away,  leaving  the  quartzose  bed 
projecting  from  the  wall  in  some  cases  to  a  considerable  extent. 

The  quartzose  sandstone  usually  forms  beds  of  considerable  thick- 
ness in  this  region,  though  near  the  top  of  the  stratum  a  number  of 
thin  beds  generally  occur.  The  best  exposure  for  the  examination 
of  this  rock  is  in  the  quarries  opened  up  in  the  terrace  on  which 
the  Lewiston  tower  of  the  suspension  bridge  stands.  In  these  quar- 
ries the  sandstone  slabs  often  show  smooth  surfaces,  which  generally 
bear  markings  similar  to  those  formed  by  waves  on  a  surface  of  fine 
sand.  These  wave  marks  are  found  in  most  of  the  sandstones  of 
the  ^Medina  group,  but  they  are  nowhere  in  this  region  so  well  de- 
veloped as  in  the  upper  thin  bedded  layers  of  the  quartzose  sand- 
stone. Xo  fossils  have  as  yet  been  found  in  the  gray  sandstone  on 
the  Niagara  river,  though  farther  east  a  similar  quartzose  rock 
shows  shells  of  the  Medina  L  i  n  g  u  1  a  on  the  surfaces  of  the  lay- 
ers, which  also  show  wave  marks. 


*  shales  and  sandstones.  Tlie  contact  l)ct\vcen  the  cjiiartzos^ 
ne  and  the  overlying  MccHna  slialcs  is  not  generally  well  ex- 
:xcept  in  one  place.  This  is  in  Evan's  gully,  the  first  of  the 
»ccavations  in  the  roadbed,  made  by  the  streams  of  water 
n  the  spring  time  cascade  from  the  banks.  The  ([uartzose 
tie  forms  the  bed  oi  the  gnlly  below  the  bridge  on  which  the 
crosses  it,  and  it  also  forms  tlie  capping  rock  over  which  the 
cascades  to  a  lower  level. 

2  lowest  beds  of  this  division  of  the  Medina  are  gray  shales, 
in  thickness  and  readily  splitting  into  thin  layers  and  gen- 
mooth  to  the  touch,  indicating  the  absence  of  sand.  There 
ever  beds  of  a  more  sandy  character,  even  to  fair  sandstones, 
Ided  with  the  shales,  and  this  is  f)articularly  the  case  near  the 
of  this  shale  mass.  These  sandstone  beds  are  similar  in 
tr  to  the  quartzose  sandstone  below  the  shales,  but  they  occur 
layers,  separated  by  shaly  masses,  lliese  same  beds  are  ex- 
ri  the  cutting  which  leads  to  the  tunnel  on  the  north,  where 
e  shown  near  the  base  of  the  section.  They  vary  in  thick- 
'  to  8  inches,  and  in  some  cases  contain  a  few  fossils,  notably 
lis  of  L  i  n  g  u  1  a  c  u  n  e  a  t  a  {iii^.  8i ).  The  shales  below 
dstone  lavers  are  mostlv  below  the  level  of  the  roadbed,  the 

mm  7 

t  thickness  exposed  above  that,  being  about  6  feet. 
upper  13  or  14  feet  of  this  shaly  series  are  well  shown  in  the 
north  of  the  tunnel,  where  they  may  be  seen  above  the  sand- 
just  alluded  to.  These  rcK'ks  present  in  places  an  almost  per- 
ilar  wall,  where  the  overlying  sandstones  have  not  been  re- 
while  from  the  rapid  weathering  of  the  shale,  the  capping 
enerally  projects  beyond  the  face  of  the  shale  cliff.     The  un- 
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Lcceeding  beds  of  the  Medina  as  well  as  the  Clinton,  Roches- 
Ix)ckport  beds,  are  best  exposed  along  the  railroad  cut  of 
'iston  branch  of  the  New  York  Central  and  Hudson  River 
This  cut  is  reached  from  the  Lewiston  end  through  a 
nnel  cut  in  the  Medina  sandstone  (plate  12).     As  the  beds  ; 

•  ,      I 

liward,  and  the  roadbed  rises  in  the  same  direction,  we  pass  ;!  ^ 

across  all  the  formations  from  the  lowest  to  the  highest 
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dermining  of  the  upper  layers  thus  results  in  their  ultimate  breaking 
clown  from  non-support,  and  the  resulting  fall  of  rocks  may  be  of 
a  dangerous  character.  Care  is  therefore  necessary  in  the  examina- 
tion of  these  sections,  and  the  warnings  of  the  section  gtiards  should 
always  be  heeded.  These  men  patrol  the  tracks  continually  from 
early  morning  till  after  the  last  train  has  passed  at  night.  This  is 
necessary,  as  the  fall  of  rocks  is  continuous,  and  often  of  such 
amount  as  to  obstruct  traffic  for  some  time.  Anv  one  who  will 
watch  these  cliffs  for  a  time  from  one  of  the  projecting  points  where 
a  comprehensive  view  may  be  obtained,  and  note  the  almost  in- 
cessant fall  of  rock  particles,  will  receive  an  impressive  object  lesson 
in  the  processes  by  which  cliff  retreat  is  effected. 

In  many  cases  the  shale  banks  are  covered  with  a  coating  of  red 
mud  carried  bv  rains  from  the  red  soil  above  them.  This  creates 
the  impression  that  the  color  of  these  lower  shales  is  red  like  that 
of  the  shales  higher  up  in  the  series,  and  only  after  breaking*  off 
fresh  particles  can  the  true  color  be  seen. 

2  These  gray  shales  are  succeeded  by  sandstones  and  sandy 
shales,  some  of  the  former  massive,,  quartzose  and  in  beds  6  or  7 
inches  in  thickness,  separated  by  shaly  layers.  The  sandstone  is 
gray  and  often  porous,  as  if  it  had  undergone  some  internal  solu- 
tion, which  suggests  that  fossils  may  have  been  present  which  were 
dissolved  by  percolating  waters.  Fragments  of  fossils  are  occasion- 
ally found,  but  mostly  in  an  unidentifiable  condition.  Manv  of  the 
thinner  and  more  clayey  beds  have  raised  markings  on  their  under 
side,  which  may  be  indicative  of  the  former  presence  of  seaweeds  in 
the  muddy  beds  of  this  period.  Small  black  phosphatic  pebbles, 
often  very  smooth,  arc  not  unconunon  in  some  of  the  layers,  and 
larger  masses  of  black,  apparently  carbonaceous  shale  are  occasion- 
ally found  mixed  with  the  sand.  In  the  gray  shaly  sandstone  beds 
the  ]\Iedina  gastropods  and  bivalves  (pelecypods)  occur  sparingly, 
and  usually  in  a  poor  state  of  preservation.  Some  of  the  thin  layers 
are  calcareous,  though  still  containing  a  large  proportion  of  argil- 
laceous matter.  These  are  generally  fossiliferous,  the  most  common 
organism  being  a  small  cylindric  bryozoan.^     Fragments  of  these 

^ Identified  provisionally  as   Helopora    fragilis    (fig.  74). 


NIAGARA    FALLS    AND    VICINITY  9I 

beds  with  the  bryozoan  weathered  out  in  relief  on  their  surfaces, 
may  be  found  at  the  base  of  the  cliff  in  the  cut  north  of  the  tunnel. 

3  In  the  northern  end  of  the  section  the  sandstones  and  sandy 
shales  have  a  thickness  of  about  5  feet,  and  are  in  turn  succeeded 
by  6  feet  of  shale,  weathering  readily  into  a  clayey  earth,  which  ac- 
cumulates, as  a  talus  on  the  underlying  sandstone  ledges.  As 
in  the  other  shale  cliffs,  so  here  weathering  causes  a  more  rapid 
retreat  of  the  shale  than  of  the  overlying  sandstone,  which  therefore 
projects  beyond  the  shale  cliff  till  it  breaks  down. 

These  shales  are  mostly  gray,  sometimes  greenish  gray,  with  oc- 
casional sandstone  bands.  Toward  the  top  they  become  intercalated 
with  reddish  bands,  and  finally  the  prevailing  color  of  the  shale  be- 
comes red. 

4  Following  these  shales  is  a  mass  of  sandstone  from  35 
to  40  feet  thick  and  consisting  mostly  of  beds  which  vary  from 
4  to  6  inches  in  thickness.  The  sandstone  is  compact  and  solid, 
reddish  in  color  or  gray  mottled  with  red.  The  beds  arc  separated 
by  red  shaly  partings,  with  occasional  beds  of  red  shale  2  to  4  feet 
thick.  About  20  feet  above  the  base  of  this  sandstone  mass  is  a 
concretionary  layer  from  i  to  2  feet  thick,  which  appears  not  unlike 
a  bed  of  large  rounded  boulders.  These  concretions  vary  in  size 
up  to  3  or  4  feet  in  greatest  diameter,  and  they  lie  in  close  juxta- 
position, not  infrequently  piled  on  each  other,  thus  still  more 
simulating  the  blocks  of  a  boulder  bed. 

This  sandstone  cliff  is  in  general   quite  perpendicular,  and  the 
thin  and  comparatively  uniform  layers,  which  are  regularly  divided 
by  vertical  joint  fissures,  produce  the  appearance  of  a  vertical  wall 
of  masonry,  for  which  many  people,  seeing  it  only  from  the  rapidly 
moving     train,    have     no     doubt     mistaken     it.      The     regularity 
of  these  successive  beds  is  at  times  interrupted  by  a  heavier  layer, 
either  red  or  gray  and  mottled,  which  may  be  traced  for  some  dis- 
tance, after  which  it  thins  out  and  disappears.     This  thinning  out 
■of  the  layers  in  one  or  another  direction  is  a  common  and  charac- 
teristic feature  of  these  sandstones,  and  is  a  direct  result  of  the  ir- 
regularities of  current  action  during  the  deposition  of  the  sands. 
We  may  trace  a  sandstone  mass  for  some  distance,  and  then  find 
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That  ir  -iisappeari  hy  riiinninjf.  either  hnnirnii  me  ^yer*  atujve  and 
rw^iow  ir  ;n  (•r.nrai'X  or  ^■.ying  wa'   rri  a.  hci  oc  -iliale. 

A  i-areftit  pxaminanr.n  or  tfiew  miliviiinal  'icis  '.viH  iiniw  the  pres- 
«TM"-c  of  nppie  mark*  rn  many  oi  diem.  This  inriicares  znoilerarely 
ihaUf.xv  war^r  (iimruif  the  aiicnmnlatirjn  'jt  cie«  ^au'ii:  tor  rtpple 
mark,!  ar^  fr.unfi  '-.tily  'IrAvn  t.j  the  liepLi  t"j  vvhicii  wa^e  action  peii«- 
rrates.  Thi-v.  rip^le-^  vary  a^r-^atiy  hi  tizc.  a  be^;  ab'jin  to  feet  ab-jve 
rfi«  c/,Tlcr«Kjnary  layer  ^kf.'xmq  exa^rpie*  in  which  the  — e^j  are 
nrom  ''rfi*  tcr  one  anfl  a  half  ^'jr  m-jr.;  feet  apart. 

Th^,  Er,<Mirs  6->unf{  in  th*^^  -lan'iiti.ne^  are  the  charucreriiric  Medina 
j^tUr.ypfni.*.  atii'I  the  common  ileriina    Lingula  c  a  neat  a. 

5  Thft  thin  f.^i/We^  sandstone  layer?  are  ioHowci  h_v  i^  .;r  15  feet 
M  ma,-*'*!*^  ian'lscrrfic^  in  f'je'Li  fri>ni  one  to  jeveral  teet  tn  thickness. 
atfl  sarying  tn  coIcjt  rVjm  reddish  to  grayish.  This  r-x-k  genially 
^/xt    tuonffly    marked    crcrii- bedding    =tmcture    on    thos«    face& 


.vliirli  Jj.-i\'<'  1,1(11  <:-;[.o'-i']  i'.,r  sonif  time.  This  structure  illustrated 
)j  lif^'iiri'  ^o;i,  I'ljiicO  from  a  Jiiljjf  of  tliis  rock,  indicates  diverse cur- 
'M11  ;iii'I  tt.-ivf  aiiioti  in  ilic  sli.-illuw  water  in  which  tJiis  rock  was 
A  the  strata  was  essentially  hori- 
ip  of  the  sand  jjrains  were  for  a 
mil  after  the  manner  of  deposition 
while  the  activity  of  the  current 
tile  layers  already  deposited  were 
s  the  top,  and  new  layers,  inhar- 


foriiiitif{.     While  iIm'  d'jKisiti 
zontal,  the  tiiiiiuii'  l.iyers  m:i 
KJNited  at  a  liit,'li  ant;Ii 
t      taycTN  in  a 

to  anotlliT  dirertiij 
eroded,  or  beveled 


After 


:i 

■  • 

4 


%  I 


,f 

* 


•I 
■If 


■I 
.1 

M 


li 

;t. 
"1 


NIAGARA    FALLS    AND    VICINITY  93 

monions  with  the  preceding  ones,  were  laid  down  on  the  eroded 
surface.  This  was  repeated  a  number  of  times,  as  is  shown  by  the 
succession  of  changes  in  the  sandstone  layers.^  This  structure  is 
sometimes  shown  on  a  large  scale,  as  in  the  case  of  a  bed  shown 
about  200  feet  north  of  ''  Milk  cave  ravine  ",  the  second  of  the  small 
ravines  met  with  in  coming  from  the  north.  Here  some  of  the  lay- 
ers are  very  gently  inclined,  and  may  be  traced  for  some  distance. 
They  are  obliquely  truncated,  other  horizontal  beds  resting  on  the 
truncated  edges  (fig.  2ob).     (Sec  also  plate  14) 


Fig.  20b    Contemporaneous  erosion  and  deposition  In  Medina  sandstone,  Niagara  gorge. 

The  Medina  Lingula  (L.  c  u  n  e  a  t  a)  is  found  in  these  sand- 
stones as  in  the  lower  ones,  but  other  fossils  are  rare.  Occasionally 
on  the  sections  the  hollows  left  bv  the  removal  of  the  shells  mav  be 
seen,  while  similar  cavities,  caused  by  the  removal  of  small  black  peb- 
bles like  those  found  in  the  lower  layers,  also  occur.  In  the  upper 
portions  of  this  mass, on  the  under  side  of  some  thin  sandstone  lenses 
resting  on  and  separated  by  shaly  partings,  occurs  the  so-called 
"  jointed  seaweed  "  of  the  Medina  formation,  known  as  A  r  t  h  r  o  - 
p  h  y  c  u  s  h  a  r  1  a  n  i,  and  illustrated  on  plate  16.  This  is  a  char- 
acteristic Medina  sandstone  fossil,  but  in  this  region  it  has  not  been 
found  in  any  of  the  other  sandstone  strata.  Specimens  of  this  fossil 
were  obtained  in  digging  the  great  power  tunnel  at  Niagara,  but 
onlv  from  the  sandstone  layers  near  the  bottom  of  the  tunnel,  which 
is  about  the  horizon  in  which  they  are  found  in  the  gorge  section. ^ 

6  The  highest  member  of  the  Medina  in  this  region  is  a  hard, 
massive  bedded  and  compact  quartzose  sandstone  similar  to  the 


*  Compare  with  this  the  cross-bedding  structure  shown  in  the  uncon- 
solidated sands  and  gravels  in  the  Goat  island  gravel  pit,  and  in  the  section 
of  the  old  Iroquois  beach  at  Lewiston. 

'The  restriction  of  this  characteristic  Medina  fossil  to  these  upper  layers 
of  sandstone  at  Niagara  was  pointed  out  to  me  by  John  MacCormick,  the 
watchman  of  this  part  of  the  road,  who  collects  these  specimens  and  keeps 
them  for  sale.  As  he  is  continually  handling  these  rocks  and  has  handled 
them  for  years,  he  has  become  familiar  with  their  characters,  and  is  there- 
fore in  a  position  to  obtain  knowledge  of  such  facts. 
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quanzose  bed  terminating  the  lower  shales.     While  nearly   white 
when  fresh,  this  njck  generally  weathers  to  a  grayish  yellow  color 
and  often  exhibits  yellow  iron   stains.     On  the  weathered    edges 
cross-bedding  structure  is  well  brought  out.    When  separated  from 
the  rocks  below  by  a  shaly  bed.  this  rock  generally  projects  from  the 
bank  for  a  sufficient  distance  to  form  a  shelter  for  the  watchman  in 
case  of  a  sudden  shower.    Where  this  sandstone  comes  down  to  the 
level  of  the  roadbed,  at  a  projecting  cusp  of  the  cliff,  it  has  been  cut 
through  and  a  portion  of  it  left  between  the  track  and  the  gorg"e. 
In  the  shadow  of  this  rock  mass  stands  the  second  of  the  watch- 
men's shanties  which  we  meet  with  in  approaching  from  the  mouth 
of  the  gorge.^     The  upper  (juartzose  bed  has  here  a  thickness  of 
7^  feet.     Several  hundred  feet  south  of  this  point,  where  the  top  of 
this  sandstone  is  level  with  the  roadbed,  a  huge  ripple.  15  feet  from 
crest  to  crest,  and  nearly  2  feet  deep,  is  shown  on  the  river  side  of 
the  track.     This  "  giant  ripple  "  was  described  and  illustrated  by 
Gilbert,-  who  found  other  ripples  of  similar  size  in  the  Medina  sand- 
stone at  Lockport,  as  well  as  in  the  quartzose  sandstone  near  Lewis- 
ton. 

C)n  the  surfaces  of  the  flagging  stones  which  are  derived  from 
the  Medina  sandstones,  ripple  marks  of  small  size  are  not  uncom- 
mon, and  the  siclewalks  of  Buffalo  and  other  cities  where  this  rock 
is  utilized,  often  exhibit  fine  examples  of  such  rippled  rock  sur- 
faces. 

In  the  clifT  of  Milk  cave  falls  (or  St  Patrick's  falls),  which  is  the 
second  lateral  fall  below  the  mouth  of  the  gorge,  the  upper  beds 
of  the  Medina  formation  are  well  shown.  The  concretionarv  laver 
is  near  the  level  of  the  roadbed,  and  has  a  thickness  of  3  feet.  29 
feet  above  it  is  the  base  of  the  upper  gray  quartzose  sandstone, 
before  reaching  which  we  find  that  the  red  sandstone  gradually 
loses  its  bright  color,  at  first  being  mottled,  and  then  at  times  losing 
its  red  col(jr  altogether,  though  the  thin  partings  of  shale  still  retain 


^Tliis  is  occupied  by  John  Garlow.  on  whose  beat  most  of  the  **  Niagara 
crinoids  "  (C  a  r  y  o  c  r  i  n  u  s  o  r  n  a  t  u  s)  arc  to  be  found.  Specimens 
may  generally  be  obtained  from  him  at  a  small  price. 

-Bui.  geol.  soc.  Am.     10:135-40.  pi.    13,  fig.  2. 
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it.  The  quartzose  capping  rock  consists  at  the  base  of  a  white 
bed,  from  i^  to  2  feet  thick  and  showing  cross-bedding  structure, 
followed  by  shale  i  to  i^  feet  thick  and  of  a  reddish  color  in  places, 
and  finally  by  a  solid  bed  of  white  quartzose  sandstone  5  feet  in 
thickness,  and  like  the  lower  bed,  showing  cross-bedding  structure 
on  the  weathered  sections.  A  few  thin  layers  of  sandstone  overlie 
this  bed,  having  a  total  thickness  of  less  than  half  a  foot.  On  these 
follow  the  shales  of  the  Clinton  formation. 

The  upper  Medina  sandstones  and  shales  may  be  traced  in  both 
walls  of  the  gorge  nearly  to  the  falls.  From  the  southward  dip,  the 
beds  progressively  pass  below  the  water  level,  till  near  the  falls 
only  a  small  portion  of  the  upper  beds  remains.  These  may  be  seen 
at  the  river  margin  in  the  bottom  of  the  gorge,  between  the  Maid 
of  the  Mist  landing  and  the  carriage  bridge  on  both  sides  of  the  river. 
On  the  New  York  side  onlv  a  few  feet  of  the  red  sandstones  are  ex- 
posed,  the  remainder  being  covered  by  talus.  During  high  stages 
of  the  river  these  exposed  beds  arc  covered  by  the  water.  On  the 
Canadian  side  an  extensive  ledge  of  the  red  Medina  sandstone  is 
exposed  opposite  the  inclined  railway  on  the  New  York  side.  In 
the  banks  behind  this  ledge  the  white  (juartzose  sandstone  which 
forms  the  top  of  the  ^Medina  occurs,  its  top  being  at  least  25  feet 
above  the  water  level.  It  here  forms  a  projecting  shelf  on  which 
rest  huge  blocks  of  limestone  broken  from  the  cliff  above.  From 
this  we  may  judge  that  at  the  foot  of  the  Horseshoe  falls  the  upper 
lavers  of  the  Medina  mav  still  be  above  the  water  level. 

Clinton  beds 

The  Clinton  beds  at  Niagara  aggregate  about  ^^  feet  in  thick- 
ness and  consist  of  a  stratum  of  shale  at  the  base  and  tw^o  distinct 
strata  of  limestone  above  this.     (Sec  Plate  14) 

Clinton  shale.  Resting  immediately  on  the  quartzose  layers 
which  terminate  the  Medina  formation,  is  a  bed  of  olive  green  to 
grayish  or  sometimes  purplish  gray  shale,  which  readily  splits  into 
very  thin  layers  with  smooth  surfaces,  and  is  quite  soft  enough  to 
be  easily  crumbled  between  the  fingers.  Fossils  are  rare  in  it,  but 
occasionally  layers  are  found  which  have  their  surfaces  covered  with 
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crushed  valvos  of  small  plicated  hrachiopods,  among  which  Ano- 
p  U»  I  h  c  c  a  \\  c  \\\  i  s  p  h  c  r  i  c  a  and  A.  p  1  i  c  a  t  u  1  a  may  be 
utenlii^neiL  Other  fossils  are  rarely  found  except  reed-like  impres- 
skms  which  are  not  unciMnmim.  Some  impressions  have  been  fomid 
which  prv^hahly  helottji:  tv>  P  t  e  r  i  n  a  e  a  e  m  a  c  e  r  a  t  a  ,  a  pelecy- 
|H>d  wcurriuic  hi^v^hcr  in  the  Clinton  and  also  in  the  Rochester 
5^hAlcs.      I  he  tv^tal  thickt\ess  of  these  shales  is  6  feet. 

Clittt^u  lowtr  limestone.  On  the  sliale  rests  a  stratum  of  lime- 
5itvmc  14 J  or  15  feet  itt  thickticss.  The  lower  three  or  four  feet  of 
this  tvx^k  Are  cvnti^Kict  to  gnmular  or  tinely  cr\stalline.  having  a 
^il^Ar\  tcvvurvv  Small  tnas^es  of  irvni  pyrites  are  not  uncommon 
m  thts  rvvk.  tlu<  l>cm^  the  only  rx^presentative  ot  the  ferruginous 
tn^Attvr  sv^  chviructcn^ttc  v>t  this  |Kirt  of  the  Clinton  beds  on  the 
Ch:«v<w  nvet  vUkI  ca^tWsirxL  where  a  well  ntarketl  bed  of  iron  ore 
>^tv\XN>U  the  <t>v\te  ILill^  states  that  ''the  knver  port  ot  the  lime- 
stv^ttv\  acs  tt  a^>fx\\r>i  vut  the  Xio^aru  nver.  ts  highly  ma^esian.  and 
^*m  v'>e  prv>A:«cv  v^t  trvnt  py  ritx^^s  rapklh  vlevxvct:po:?e<.  caving;  rise  to 
ithv  ^»t*t>vaK^ttort  v^t  sttltaite  ot  ttto^tt^'sijL  which  at  faw-rabte  p*_Hn:t5 
>i*o«r^  t/'H:  vwvi-*?tatt^trt^  tttacs^  u.^v>tt  the  rtv\er  bank.  :na\'  be  coHectei! 
rt  vUMttr:ttvs  v^t  sevvr:al  pv^tm^Sv" 
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branching  seaweed,  H  y  t  h  o  t  r  e  p  h  i  s  gracilis,  may  be  found. 
This  occurs  also  on  some  of  the  shaly  partings  of  the  limestones. 
The  impressions  vary  from  the  slender  variety  of  great  delicacy  to 
a  coarse  one  in  which  tlic  frond  consists  of  broad  irregular  lol)es. 

This  stratum  generally  f-orms  a  vertical  wall  with  the  next  over- 
lying stratum  projecting  beyond  it. 

Clinton  upper  limestone.  In  the  region  of  the  Genesee  river  the 
lower  limestone  is  succeeded  by  a  mass  of  shale  which  is  generally 
fossiliferous,  and  on  which  lies  the  upper  limestone.  Jn  the  Xiagara 
region  this  shale  is  wholly  wanting,  the  upper  limestone  resting 
directly  on  the  lower.  I'lie  line  of  separation  is  however  well 
marked,  both  bv  the  diverse  characters  of  the  two  rocks  and  bv 
the  different  way  in  which  each  resists  destruction  by  atmospheric 
agencies.  The  upper  stratum  is  a  crystalline  and  highly  fossiliferous 
limestone,  often  pinkish  in  color,  though  chiefly  light  gray  with 
yellowish  or  bnjwnish  particles  where  oxidation  has  occurred. 
Portions  of  the  beds  consist  almost  wholly  of  crinoid  stems  or 
joints,  which  give  the  rock  a  coarsely  crystalline  and  sometimes 
porous  aspect.  r\)ssils  are  al)undant  in  this  rock,  though  the 
variety  is  generally  not  large.  The  most  connnon  species  is  a 
rotund  variety  of  the  brachiopod,  A  t  r  y  pa  reticularis  (fig. 
112),  which  is  generally  very  rol)ust  and  sometimes  almost  globular 
in  form.  Of  the  other  fossils  in  this  rock  several  Stropheodontas 
may  be  mentioned,  among  them  S  t  r  o  p  h  e  o  d  o  n  t  a  pro- 
funda. A  number  of  rhynchonelloid  shells  occur,  readily  recog- 
nized by  their  pointed  beaks  and  strong  plications.  Among  these 
arc  some  small  specimens  of  ( '  a  m  a  r  o  t  o  e  c  h  i  a  a  c  i  n  us,  a 
species  characteristic  of  the  Xiagara  beds  of  the  west.  It  is  readily 
recognized  by  its  smooth  umbonal  area,  and  its  single  plication  in 
the  mesial  depression  or  sinus,  corresponding  to  which,  on  the 
opposite  valve  occur  two  plications.  Among  the  more  abundant 
fossils  of  this  rock  are  smooth  elongate  and  rather  stn^igly  biconvex 
brachiopods  of  the  genus  W  h  i  t  f  i  e  1  d  e  1 1  a  .  The  most  common 
is  W.  intermedia,  but  other  species  occur  as  well.  The  thick- 
ness of  this  stratum  is  1 1  feet.  The  upper  beds  of  this  series  con- 
tain species  which  on  the  whole  are  of  a  strongly  marked  Xiagaran 
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type,  sucli  as  Spirifer  niagarensis  and  others.  A  com- 
mon brachiopocl  is  Strop  h  on  ella  patenta,  a  flat,  thin,  sub- 
semicircular  shell  with  a  straight  hinge  line  and  fine  surface 
striations. 

A  characteristic  feature  of  this  upper  limestone  stratum  is  the 
strong  development  of  stylolite  structures.  These  stylolites  are 
vertically  striated  columns,  from  a  fragment  of  an  inch  to  several 
inches  in  length,  and  ranged  on  either  side  of  a  horizontal  suture 
or  fissure  plane  in  the  limestone  bed.  Projecting  from  both  upper 
and  lower  beds,  they  interlock  with  each  other  and  so  produce  a 
strongly  marked  irregular  siiture.  This  structure  is  characteristic 
of  limestone  beds  of  this  type,  but  its  origin  is  still  obscure. 
Pressure  of  superincumbent  layers  of  rock  seems  to  have  been  the 
chief  cause  of  their  production,  this  pressure  acting  unequally  on  the 
rock  mass,  from  the  presence  of  fossils  or  from  other  causes.  A 
characteristic  feature  is  the  open  suture  at  the  ends  of  the  columns, 
which  gives  the  layers  the  aspect  of  having  separated  by  shririkag"e 
along  an  irregular  plane.  The  vertical  striations  indicate  motion 
either  upward  or  downward. 

The  Clinton  limestones  mav  be  seen  in  both  banks  of  the  river 
where  not  covered  by  vegetation,  from  the  mouth  of  the  gorge  to 
within  a  short  distance  of  the  falls,  near  which  they  are  covered  by 
talus.  They  always  form  a  cliff  in  the  profile  of  the  gorge,  the  6 
feet  of  shale  below  them  forming  a  sloping  talus-covered  bank, 
below  which  there  is  another  cliff  formed  by  the  hard  upper  Medina 
sandstone,  the  lower  members  forming  one  or  more  talus-covered 
slopes  down  to  the  quartzosc  bed  of  the  ^Medina.  This  latter  is 
again  a  cliff-maker,  and  generally  projects  from  the  bank,  while  the 
soft  red  shale  below  invariably  produces  a  sloping  talus-covered 
])ank.  Above  the  Clinton  limestones  is  another  slope  and  talus 
formed  ])y  the  soft  Rochester  shale,  above  which  a  precipitous  cliflF 
is  formed  by  the  Lockport  limestone. 

At  the  base  of  the  cliffs,  fallen  rocks  of  the  Clinton  limestones  are 
mingled  with  those  from  the  overlying  Lockport  limestones,  and 
care  nuist  be  exercised  in  discriminating  between  these  when  col- 
lecting fossils.     Halfway  between  the  third  and  fourth  watchman's 
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shanties  on  the  railroad,  where  the  top  of  the  Clinton  limestone  is 
on  a  level  with  the  roadbed,  this  rock  was  formerly  quarried  on  the 
river  side,  and  here  a  good  opportunity  is  afforded  to  collect  fossils 
from  the  limestone  fragments.  Blocks  of  the  various  limestones 
are  also  seen  bv  the  side  of  the  track  between  the  second  and  third 
shanties. 

At  the  whirlpool  on  the  Canadian  side  the  Clinton  limestones 
are  seen  in  both  banks  of  the  old  St  Davids  gorge,  the  section  on 
the  west  showing  glacial  striae.  Near  the  foot  of  the  eastern  wall 
of  this  old  gorge  and  on  the  talus  heaps  which  flank  it,  are  large 
masses  of  calcareous  tufa  often  inclosing  leaves,  moss  or  other  vege- 
table structures.  These  masses  appear  to  come  from  the  horizon 
of  the  Clinton  limestone,  though  they  have  not  been  seen  in  place, 
and  it  is  not  improbable  that  a  **  petrifying  spring "  carrying  a 
strong  solution  of  carbonate  of  lime  issues  from  this  rock.  Springs 
issue  abundantly  from  between  the  two  meml)crs  of  the  Clinton 
limestone,  and  they  carry  lime  in  solution,  as  is  indicated  by  the 
deposit  of  soft  calcareous  ooze  on  the  rocks  and  other  substances 
over  which  this  water  flows.  On  exposure  to  the  atmosphere  this 
ooze  will  dry  and  harden.  Tlie  joint  faces  of  the  Clinton  limestone 
are  everywhere  veneered  over  with  a  thin  deposit  of  calcium  car- 
bonate. 

Limestone  lenses  of  the  Clinton.  At  intervals  in  the  upper  Clinton 
limestone  may  be  seen  large  lenticular  masses  of  a  compact,  hard 
and  apparently  structureless  limestone,  often  concretionary  and  not 
infrequently  showing  numerous  smooth  and  striated  surfaces  of  the 
type  known  as  "  slickensides  ''  and  which  are  indicative  of  shearing 
movements.  One  of  these  masses  is  visible  in  the  bank  opposite 
the  third  watchman's  hut.  Its  greatest  thickness  is  about  8  feet, 
and  it  lies  between  the  upper  limestone  and  the  overlying  shale, 
being  partly  embedded  in  both.  The  rock  is  often  cavernous  or 
geodiferous,  the  cavities  when  freshly  broken  being  filled  by  snowy 
gypsum  or  grayish  anhydrite.     Fossils  are  abundant  in  this  rock. 

Several  other  lenses  of  this  type  are  visible  in  the  upper  Clinton 
limestone  where  it  is  crossed  by  the  Rome,  Watertoavn  and  Ogdens- 
burg  railroad  below  Lewiston  hights.     These  masses  are  however 
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eniirdy  iocIomiI  by  the  limestone,  from  wliich  thty  are  differen- 
tiated by  tb«r  flnicturclcss  character.  The  lenses  exposed  on  the 
Koioe.  Watertown  and  Ogdensburg  road  are  rich  in  shells  of 
BTtbnrxTaiiliffi  and  shields  of  trllobites  (Illaenus  ioxus), 
wlulc  the  Icn*  in  ihe  gorge  yields  chiefly  brachiopods,  the  most 
iibuiKljuit  of  which  arc  the  smooth  Wliitfieldellas,  the  small  \V, 
n  i  I  i  d  a  and  the  larger  \V.  o  1»  1  a  t  a  being  the  most  common. 

The  {ulluwtng  ^pe^:ics  Jiave  been  obtained  from  the  lens  in  the 
fiwgt: 
RrzciiiopiMbi 

1  W  h  i  I  ( i  r  1  d  r  1 1  a   n  i  I  i  lU  abundant 

2  W.  nitida  oblata  abundant 
S  W.  i  It  I  e  r  ni  (■  d  i  a  common 
^Atrypa   reticularis:   specimens  with  strong,  rounded 

bifiircariiig  striata  muled  at  intervals  by  strong  concentric 
Mriae,  and  apparently  intermediate  between  the  typical  form 
uf  the  species  as  it  occurs  in  the  Clinton  and  upper  linie- 
tUntc  and  A,  no<lostriata,  the  most  abundant  form 
of  tile  Koi-hesttr  shales. 

5  Airy  pa  nodostriata;  rather  common,  convex  and 
ijK/rr  elongate  than  in  the  shale  above,  with  the  plications 
generally  sharper  and  bifurcating  near  the  front.  The 
jwvlirle  valve  lias  a  distinct  sinus  bordered  by  strong  plica- 
tions, Ihe  corresponding  told  being  marked  merely  by 
strong  plications.  Anterior  margin  distinctly  sinuate.  The 
nodulalions  are  not  well  preserved  e.xcept  in  specimens  from 
the  slialy  portions. 

0  A  t  r  y  j»  a  r  u  g  o  s  a  ;  several  small  specimens,  both  valves 
very  convex,  with  strongly  defined  sinus  in  pedicle  valve,  in 
tile  center  of  which  is  a  small  plication.  Plications  bifur- 
cate and  also  increase  by  intercalation;  crossed  by  strong 
rugose  lines. 

7  l<  li  y  n  c  li  o  t  r  c  t  a   c  ii  n  c  a  t  a  a  m  c  r  i  c  a  n  a  rare 

8  ('  am  a  r  ol  I)  (■  c  h  i  a  n  eg  1  e  c  t  a  rare 
y  A  n  a  -i  t  r  o  p  h  i  a  i  n  t  e  r  p  1  i  c  a  t  a  rare 

JO  S  |)  i  r  i  f  e  r  n  i  a  g  a  r  e  n  s  i  s  :  common,  large  and  robust. 
wWh  Uiiig  hinge  line  and  moderately  high  area,  and  strongly 
incnrvi.ll  beak.  The  sinus  is  flanked  by  two  stronger  plica- 
tions a:id  exten<ls  to  the  beak.  The  plications  are  flattened 
on  lop. 
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11  Spirifer     radiatus:    common  but  generally  crushed: 

with  an  extended  hinge  line  and  form  and  proportions 
similar  to  the  preceding  species.  The  striae  are  fine  and 
flat  on  top  with  very  narrow  interspaces  altogether  very 
similar  to  those  covering  the  plications  of  S.  n  i  a  g  a  r  e  n  - 
sis.  A  scarcely  defined  plication  appears  on  each  side 
of  the  sinus  in  some  specimens,  and  in  these  the  sinus  is 
rather  sharply  defined  and  angular  at  the  bottom.  In  others 
the  sinus  is  shallow  rounded  and  not  definitely  outlined  bv 
incipient  plications.  In  the  more  elongated  specimens  the 
cardinal  angle  is  well  defined,  but  in  the  shorter  specimens 
it  is  rounded. 

12  Spirifer  c  r  i  s  p  u  s  rare 

13  Spirifer   sulcatus  rare 

14  D  a  1  m  a  n  e  1 1  a  e  1  c  g  a  n  i  u  1  a  :  rare  and  with  greater  c<^n- 

vexity  than  that  (jf  the  specimens  in  the  overlying  shale. 

15  P  1  e  c  t  a  m  b  o  n  i  t  e  s   t  r  a  n  s  v  e  r  s  a  1  i  s  rare 

16  L  e  p  t  a  e  n  a   r  h  o  ni  1)  <  >  i  d  a  1  i  s  rare 

17  S  t  r  o  p  h  e  o  d  o  n  t  a   c  ( )  r  r  u  g  a  t  a  rare 

18  O  r  t  h  o  t  h  e  t  e  s    s  u  1)  p  1  a  n  u  s  rare 

19  S  t  r  o  p  h  o  n  c  1 1  a    p  a  t  e  n  t  a  rare 

Gastropoda 

20  P  1  a  t  y  o  s  t  o  m  a  n  i  a  g  a  r  e  11  s  i  s  rare 

Trilobites 

2\  1 1 1  a  e  n  u  s  i  o  x  u  s  ;  fragments  of  caudal  ami  cephalic  shields 
crowded  together  into  masses  sometimes  of  considerable 
size. 

22  C  a  1  y  m  e  n  e   1)  1  u  m  e  n  b  a  c  h  i  rare 

Brvozoa 

23  L 1  c  h  e  n  a  I  i  a  c  o  n  c  e  n  t  r  i  c  a  ;  common  in  very  irregular 

and  much  distorted  masses. 

Corals 

24  E  n  t  e  r  o  1  a  s  m  a   c  a  1  i  c  u  1  u  s  common 

Crinoids 

25  Eucalyptocrinus;    fragments  of  root  stem  and  calyx. 

In  the  lenses  below  Lewiston  bights  the  same  species  ex- 
cept nos.  2,  3,  9,  10,  14,  15,  17  to  20  and  25  have  been 
found.  R  h  V  n  c  h  o  t  r  e  t  a  c  u  n  e  a  t  a  a  m  e  r  i  c  a  n  a  has 
more  the  features  of  the  same  species  from  the  western 
Niagara    than    those    of    the    Rochester    shale    species. 
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Spirifer  crispus  is  commonly  deficient  in  plications 
approaching  in  this  respect  and  in  the  character  of  the  sinus, 
S.  e  r  i  e  n  s  i  s  from  the  Manlius  limestone.  A  t  r  y  p  a 
nodostriata    is  robust,  convex,  with  coarse   rounded 

■ 

pHcations  and  rather  faint  concentric  striations,  characters 
intermediate  between  A.  reticularis  of  the  Clinton 
and  A.  nodostriata  of  the  Rochester  shale.  Besides 
these  species  and  some  not  yet  identified,  the  following 
occur. 

Cephalopoda 

26  0  r  t  h  o  c  e  r  a  s    a  n  n  u  1  a  t  u  m 

2^  (.).    m  e  d  u  11  a  r  e    ( ?)  rare 

28  O.  sp. 

Pelecypoda 

29  M  o  d  i  o  1  o  p  s  i  s    cf.    s  u  b  a  1  a  t  u  s  ? 

The  origin  of  these  lenses  is  still  obscure.  Many  of  the  fossils 
found  in  them  are  characteristic  of  the  Niagara  group  of  the  west, 
but  arc  rare  or  wanting  in  the  Xiagaran  of  X'ew  York.  This  is 
specially  the  case  with  the  trilobites  (Illaenus  ioxus)  and 
the  cephalopoda.  13r  E.  X.  S.  Ringueberg  many  years  ago  studied 
these  limestone  masses  as  exposed  at  Lockport  and  other  more 
eastern  localities,  and  he  termed  them  the  "  Xiagara  transition 
group  ".^  He  found  in  this  rock  }^2  Xiagara  species,  11  species 
common  to  the  Clinton  and  Xiagara,  two  species  found  otherwise 
only  in  the  Clinton,  and  two  species  not  found  outside  of  this  rock. 
The  origin  and  significance  of  these  uni([ue  deposits  are  being  care- 
fully studied  by  the  state  j)aleontologist. 

Rochester  shale 

The  Rochester  (Xiagara)  shale  has  a  total  thickness  of  about  68- 
feet  in  the  gorge  of  the  Xiagara.  It  is  here  divisible  into  a  lower 
and  an  ui)per  half.  The  lower  portion  is  a  highly  fossiliferous  shale 
with  numerous  limestone  bands,  and  terminates  in  a  series  of  thin 
calcareous  beds  with  shaly  partings  in  all  about  4  feet  thick,  and 
extremely  rich  in  bryozoa.  The  upper  34  feet  are  (juite  barren  and 
have  few  limestone  lavers. 


'Am.  nat     1882.     6:711-15. 
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Lower  shales.  The  beds  immediately  succeeding  tlie  Clinton  lime- 
stone are  calcareous  shales  with  frecjuent  thin  limestone  layers.  The 
latter  are  the  most  fossiliferous.  being  in  general  entirely  made  up 
of  organic  remains.  The  calcareous  beds  of  the  lower  5  or  lo  feet 
are  particularly  rich  in  crinoid  remains.  Chief  among  these  or- 
ganisms, on  account  of  its  abundance  and  perfection,  is  the  little 
triangular  S  t  e  p  h  a  n  o  c  r  i  n  u  s  o  r  n  a  t  u  s  ,  which  may  be 
found  in  most  of  the  calcareous  layers.  Fragments  of  E  u  c  a  1  y  p  - 
t  o  c  r  i  n  u  s  arc  always  common,  while  the  characteristic  Niagara 
cystoid  Car  y  o  c  r  i  n  u  s  o  r  n  a  t  u  s  is  also  found,  though  not  so 
abundantly  as  in  the  upj)er  part  of  the  lower  division.  The  most 
abundant  brachiopod  of  the  lower  shales  is  \V  h  i  t  f  i  e  1  d  e  1 1  a 
n  i  t  i  (1  a  o  1)  1  a  t  a  .  similar  to  the  specimens  found  in  the  lime- 
stone lenses.  The  little  ( )rthis,  I )  a  1  m  a  n  e  1 1  a  e  1  e  g  a  n  t  u  1  a  , 
is  also  common,  ranging  throughout  the  lower  division  of  the  shales. 
S  p  i  r  i  f  e  r  n  i  a  g  a  r  e  n  s  i  s  is  common  above  the  lowest  3  or  4 
feet  of  the  shale.  ( )  r  t  h  o  t  h  e  t  e  s  s  u  b  p  1  a  n  u  s  ,  a  large,  sub- 
semicircular  and  nearly  flat  brachiopod,  is  abundant  in  some  of  the 
calcareous  layers,  which  at  times  seem  to  be  composed  of  it,  so 
thickly  are  these  shells  piled  one  on  the  other.  A  t  r  y  p  a  n  o  d  o  - 
striata  is  the  connnonest  representative  of  the  genus,  the  larger 
A.  reticularis,  so  abundant  in  the  upper  Clinton,  being  com- 
paratively rare  and  subordinate  in  development.  In  the  limestone 
bands  A.  n  o  d  o  s  t  r  i  a  t  a  is  usually  rotund,  but  in  the  shaly  beds 
it  is  most  conunonly  comj)resse(l.  Trilobites  are  comj)aratively  rare 
in  these  lower  shales,  though  rej)resentatives  of  all  the  species  found 
in  this  region  have  been  obtained  from  them.  IJivalve  molluscan 
shells  are  also  unc(jnnnon,  but  the  gastropods,  Diaphor- 
ostoma  niagarense  and  IMatyceras  are  not  infre- 
quent. 

Some  of  the  calcareous  bands  are  almost  barren  of  organic  re- 
mains, but  in  most  cases  these  beds  will  be  found  to  constitute  the 
chief  repositories  of  the  fossils. 

Bryozoa  beds.  A  short  distance  south  of  the  third  watchman's 
hut,  the  section  comes  to  an  end,  being  for  some  distance  rej^laced 
by  a  soil-covered  and  more  or  less  wooded  bank.     Where  the  section 
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ends  the  upper  Clinton  limestone  is  only  a  few  feet  above  the  road- 
bed, and  the  shale  above  it  is  accessible.     29  to  30  feet  above  the  top 
of  the  limestone,  a  group  of  calcareous  beds  rich  in  bryozoa  project 
from  the  bank,  being  readily  traceable  for  some  distance  on  account 
of   their   compact   nature.     Their  total   thickness   is   about    4    feet^ 
and  they  consist  of  numerous  thin  limestone  layers  with  shale  part- 
ings of  greater  or  less  thickness.     On  the  weathered  surfaces  of  the 
limestone  layers,  the  bryozoans  stand  out  in  relief,  and  such  surfaces 
will  often  be  found  completely  covered  with  these  delicate  org^an- 
isms.     The  cylindric  types  prevail,  but  the  frondose  forms  are  also 
common.     With    them    occur    brachiopods    and   other   organisms. 
Slabs  of  this  rock  are  often  found  on  the  talus  slopes,  and  they  are 
among  the  most  attractive  objects  that  meet  the  collector's    eye. 
The  section  begins  again,  after  an  interruption  of  perhaps  a  quarter 
of  a  mile,  near  the  old  quarry  in  the  Clinton  limestone.     (Plate  15) 
Between  the  river  and  the  railroad  are  several  moimds  of  shale, 
which  were  left  in  place  when  the  railroad  cut  was  made.     These  are 
subject  to  disintegration,  and  the  fossils  in  consequence  weather  out. 
They  may  ])e  picked  up  on  these  mounds  completely  weathered  out^ 
and  often  in  perfect  condition.     The  best  of  these  mounds  is  about 
halfway  between  the  old  Clinton  limestone  quarry  and  the  fourth 
watcliman's  hut.     Flcre  the  top  of  the  mound  is  on  the  level  of  the 
top  of  the  Bryozoa  beds,  the  whole  thickness  of  which  is  therefore  in- 
cluded in  this  remaining  mass.     As  these  beds  are  extremely  fossili- 
ferous,  this  mound  is  a  productive  hunting  ground.^ 

An  equally  productive  locality  for  weathered-out  fossils  is  the 
slope  of  disintegrated  shale  rising  frc^m  the  Rome,  Watertown  and 
(  )g(lensburg  railroad  tracks  above  Lcwiston  bights.  The  best  hunt- 
ing ground  is  in  the  little  gullies  made  by  the  rivulets  of  rain  water 
in  the  bank.  Some  glacial  till  is  here  mingled  with  the  clay  from 
the  decomposed  shales,  and  it  recjuires  a  little  attention  to  dis- 
tinguish the  two. 


^The  fossils  licre  obtained  are  extremely  delicate  and  brittle.  They 
should  be  placed  at  once  on  layers  of  cotton  batting,  in  a  small  box  and 
covered  with  similar  material,  the  box  being  completely  filled.  This  is  the 
only  way  in  which  many  of  these  delicate  fossils  can  be  carried  away  with- 
out breaking. 
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Vpper  duties.  Above  the  Bryozoan  beds  the  shale  is  soft,  and 
more  evenly  and  finely  laminated,  splittinp^  often  into  thin  slabs  of 
moderate  size.  Hard  calcareous  beds  are  generally  absent,  though 
occasionally  found  near  the  top.  The  stratification  and  lamination 
is  much  more  strongly  marked  in  this  than  in  any  other  division  of 
this  rock.  When  freshly  broken,  the  shale  has  a  brownish  earthy 
color,  which  changes  to  grayish  when  the  rock  decomposes  to  clay. 
Fossils  are  rare,  those  found  l:)eing  seldom  well  preserved.  In  most 
cases  the  shells  are  dissolved  away,  leaving  only  the  impressions  of 
the  fossil,  which  from  compression  become  faint,  and  are  not  readily 
recognized  without  careful  scrutiny.  The  most  conunon  remains 
found  in  these  rocks  are  l)ivalve  mollusks  (pelecyj)ods)  and  tri- 
lobites.  Among  the  former  P  t  e  r  i  n  a  e  a  e  m  a  c  e  r  a  t  a  is 
the  most  abundant,  while  Dal  m  a  n  i  t  e  s  1  i  m  u  1  u  r  u  s  is  the 
chief  among  the  trilobites  of  these  l)c(ls.  ( )tlKT  trilol)ites  also  i^ccur 
in  these  shales,  notal)ly  II  o  m  a  1  o  n  o  t  u  s  d  e  1  p  h  i  n  o  c  e  p  h  a  - 
lus,  as  well  as  a  numl)er  of  l)rachiopo{ls. 

Toward  the  top  fossils  become  rarer,  and  fmally  are  wanting  al- 
together. The  shale  becomes  more  heavy  l)e(l(led,  and  calcareous 
layers  begin  to  increase.  The  last  lo  feet  or  more  arc  (juite  calcare^ 
ous  and  compact,  and  have  an  irregular  fracture.  They  grade  up- 
ward into  the  basal  layers  of  the  Lockport  (Niagara)  limestone. 

Lockport  (Niagara)  limestone 

The  limestone  which  succeeds  the  Rochester  or  Niagara  shales 
forms  the  summit  rock  of  the  series  from  the  cdfj!;*:  of  the' Niagara 
escarpment  to  south  of  the  falls.  It  consists  of  a  number  of  dis- 
tinct strata,  of  varying  characters,  most  of  them  very  poor  in  organic 
remains.  The  total  thickness  exposed  in  the  Niagara  region  is  not 
over  130  feet,  but  borings  show  that  the  thickness  of  the  limestone 
lying  between  the  Rochester  shale  and  the  Salina  shales  is  from  200 
to  nearly  250  feet.  Some  of  the  upper  beds  of  this  limestone  mass 
may  represent  the  (uielph  dolomite  and  others  may  belong  to  the 
base  of  the  Salina  beds.  Nevertheless  we  may  confidently  assume 
that  the  thickness  of  the  Lockport  limestone  in  this  region,  is  at 
least  150  feet. 


■      ii 
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Hydraulic  cement  beds,     i)  The  lowest  stratum  of  the  series  is  a 

hard,  compact,  bluish  gray  silicious  limestone,  weathering  whitish 
on  the  exposed  faces,  and  breaking  into  numerous  irregular  frag- 
ments larger  near  the  bottom  of  the  stratum  but  becoming  small, 
angular  and  subcubical  near  the  top,  where  the  weathering  is 
similar  to  that  obtaining  in  the  upper  parts  of  the  shales.  This 
\  stratum  varies  from  7  to  8  feet  in  thickness  being  in  places  divided 

into  two  tiers,  the  upper  one,  4  feet  thick,  appearing  as  a  distinct 

bed.     This  weathers  to  a  creamy  gray  color,  and  breaks  into  small 

■t 

.  \  angular  fragments  with  no  regularity  of  fracture,  and  independent  of 

.:  j  the  plane  of  stratification.     On  some  of  the  weathered  edges  of  this 

).  \  rock  irregular  stratification  lines  are  visible,  giving  the  beds   the 

I  \  appearance  of  a  fine  grained  sandstone.     Occasionally  small  geoditic 

cavities  occur  lined  with  dolomite  or  gypsum.  The  line  of  contact 
between  this  stratum  and  the  underlying  shale  is  an  irregular  one, 
the  shale  surface  having  a  wavy  character. 

2)  This  rock  is  succeeded  by  a  4  foot  stratum  of  arenaceous  lime- 
stone which  shows  no  well  marked  stratification  lines  on  the 
weathered  surfaces,  though  in  places  a  distinct  cross-bedding  struc- 
ture appears.  It  peels  off  in  irregular  slabs  parallel  to  the  cross- 
section,  i.  e.  at  right  angles  to  the  stratification  plane.  Near  the  top 
of  this  stratum  arc  a  few  thin  beds  which  show  the  finer  stratification 
structure  on  the  weathered  edges,  the  character  of  this  structure 
being  sucli  as  is  found  in  fine  grained  sandstones. 

Both  these  strata  appear  to  be  wholly  destitute  of  fossils.  It  is 
not  improbal)le  however  that  the  scattered  geodes  represent  the 
places  where  corals  or  crinoids  occurred,  which  have  subsequently 
been  altered  or  dissolved  out.  Aside  from  this,  there  is  no  evidence 
that  this  rock  ever  was  fossiliferous,  and  it  is  most  probable  that  it 
represents  the  accumulation  of  fine  calcareous  mud  or  sand. 

Crinoidal  limestone.  3)  The  compact  hydraulic  rock  is  abruptly 
succeeded  l)y  a  stratum  of  highly  crystalline  limestone,  on  the 
weathered  surfaces  of  which  joints  of  crinoid  stems  and  other  organ- 
isms stand  out  in  relief,  particularly  in  the  lower  part  of  the  stratum. 
The  rock  is  entirely  composed  of  fragments  of  organisms  which  were 
ground    up    and    mingled    together    in    great    profusion.     Oblique 
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bedding  lines  may  be  observed  occasionally,  indicating  that  the 
fragments  were  subject  to  wave  action.  The  stratum  varies  in 
thickness  from  5  to  6  feet,  and  is  occasionally  divided  by  horizontal 
sutures  which  show  a  marked  stylolitic  structure  similar  to  that 
found  in  the  crystalline  upper  Clinton  limestone.  The  contact  be- 
tween this  and  the  underlying  stratum  is  wavy.  This  rock  has  been 
quarried  at  Lockport  under  the  name  of  Lockport  marble. 

Oeodiferous  limestones.  The  crinoidal  limestone  is  succeeded  bv 
strata  all  of  which  are  more  or  less  geodiferous,  though  varying  con- 
siderably in  composition  and  structure. 

4)  The  rock  immediately  following  on  the  crinoidal  bed 
is  a  4  foot  stratum  of  compact,  gray  fossiliferous  limestone, 
the  fossils  being  of  a  fragmentary  character.  Stratification  struc- 
ture is  well  marked  on  the  weathered  surfaces,  specially  in 
some  of  the  lower  beds  of  the  stratum.  Sometimes  there  is 
only  one  thick  bed,  at  others  the  stratum  consists  of  a  number  of 
thin  beds  with  a  heavv  one  near  tlie  center.     The  thin  beds  show 

m 

the  stratification  structure  best,  having  at  tlie  same  time  a  strongly 
granular  character.  As  the  fossils  are  fragmentary,  and  only  ac- 
cessible on  the  weathered  surfaces,  little  is  known  of  the  organisms 
that  constitute  it.  Crinoid  joints  occur,  but  they  are  less  character- 
istic of  this  than  of  the  lower  stratum.  Cieodes  however  are  not 
uncommon,  the  cavities  being  lined  with  crystals  of  pearl  spar  (dolo- 
mite) or  filled  with  masses  of  snowy  gypsum. 

5)  The  fifth  stratum  of  limestone  in  this  series  is  a  finely  crystal- 
Kne  magnesian  rock,  like  the  others  destitute  of  fossils  except  in 
so  far  as  these  are  represented  by  geodes.  The  latter  are  common 
and  filled  with  alabaster,  or  sometimes  with  massive  or  crystallized 
anhydrite.  The  latter  is  distinguished  from  the  crystallized  gypsum 
<ir  selenite,  which  it  closely  resembles,  and  which  occasionally  occurs 
in  the  same  beds,  by  the  cleavage,  which  is  rectangular  and  nearly 
equally  perfect  in  three  directions  in  anhydrite,  while  it  is  perfect 
in  one  direction  only  in  the  selenite. 

6)  A  finely  crystalline,  somewhat  concretionary  dolomitic  lime- 
Stone,  3  feet  thick,  next  succeeds,  the  weathered  sectional  surfaces  of 
which,  buff  in  color,  show  the  fine  stratification  structure,  which 
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is  of  the  type  of  the  cross-bedding  structure  in  sandstone.  Such 
structure  indicates  that  the  bed  possessing  it  was  a  fine  calcareous 
sand,  subject  to  shifting  movements  by  waves  and  deposited  in 
moderately  shallow  water.  We  need  look  for  organic  remains  in 
such  a  rock  with  no  more  assurance  of  finding  them  than  we  bring* 
to  the  examination  of  uniform  bedded  shales.  They  may  be  abun- 
dant or  they  may  be  rare  or  absent  altogether.  Thus  a  limestone 
need  not  be  necessarily  a  fossiliferous  rock. 

Geodes  of  the  usual  type  are  common,  the  dolomitic  lining*  pre- 
dominating. 

7)  On  the  preceding  thin  stratum  follows  a  limestone  mass  of  very 
uniform  character^  hardly  separable  into  district  strata,  thoug"h  con- 
sisting of  numerous  beds.^     2"^  feet  of  this  stratum  are  shown  at  the 
quarry  near  the  northern  end  of  the  section,  where  the  upper  ex« 
posed  bed  forms  the  surface  rock  of  the  plateau  above.     The  beds 
are  generally  of  considerable  thickness,  but  the  fine  stratification 
structure  is  not  so  well  marked  as  in  the  strata  below.     The  rock 
may  be  considered  a  compact  granular  dolomite,  in  which  consider- 
able change  has  taken  place  since  its  original  deposition.     It  is  of  a 
grayish  color  but  weathers  to  a  lighter  tint.    Geodes  are  plentiful, 
often  cjuite  large,  and  in  these,  minerals  of  great  beauty  are  not  infre- 
quently found.     The  most  common  are  the  snowy  variety  of  gyp- 
sum or  alabaster,  the  darker  gray,  massive,  fine  anhydrite  and  the 
uniform,  fine,  dolomite  rhombohedra  with  curved  faces,  generally  of 
a  pinkish  tint  and  familiarly  known  as  pearl  spar.     Long  slender 
crystals  of  calcite,  generally  in  the  form  known  as  scalenohedra,  or 
dogtooth   spar,   are   not   uncommon.     These  are   commonly  of  a 
golden  color,  and  large  enough  to  show  well  their  crystal  faces.     In 
the  new  power  tunnel  which  was  excavated  in  the  neighborhood  of 
the  falls,  large  masses  of  transparent  gypsum  of  the  selenite  variety 
were  found  in  cavities  in  this  rock.     Some  of  these  pieces  were  6 
inches  in  length.     Masses  of  limestone  lined  with  pinkish  dolomite 
crystals  and  occasional  large  masses  of  silvery  selenite,  and  set  with 

^The  distinction  between  stratum  and  bed  is  an  important  one.  A  stratum 
is  a  rock  mass  having  throughout  the  same  lithic  character,  and  may  be 
thick  or  thin.  A  bed,  on  the  other  hand,  is  that  portion  of  a  stratum  limited 
by  horizontal  separation  planes.  Sec  Geology  and  paleontology  of  Eighteeik 
Mile  creek  pt  i.     Introduction. 
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amber  crystals  of  calcitc,  were  also  found  in  these  cavities,  the  com- 
bination beinp;^  such  as  to  prochice  specimens  of  j^reat  beauty. 
Among  the  rarer  minerals  found  in  this  rock  is  the  crystallized  and 
cleavable  anhydrite,  which  like  j^ypsum  is  a  sulfate  of  calcium,  but 
without  the  water  which  is  characteristic  of  that  mineral.  Anhydrite 
crystallizes  in  the  orthorhombic  system,  and  its  cleavage  is  in  three 
directions,  at  right  angles  to  each  other  (pinacoidaH,  thus  yielding 
rectangular  fragments  and  enabling  (Hie  to  distinguish  it  from 
selenite  with  little  difficulty.  It  is  also  a  tritle  harder  than  selenitc 
which  is  easily  scratched  with  the  fmger  nail.  This  form  of  anhy- 
drite is  rather  rare,  the  princi])al  localities  for  it  being  foreign. 
Masses  of  considerable  size  have  been  fmmd  in  the  linu-stone  of  this 
quarry,  and  small  ])ieces  are  not  imcommon  in  the  geodes  of  these 
strata.  Uoth  selenite  and  the  cli-avahle  anhydrite  are  conunonly 
called  "mica"  by  the  iminitiated;  that  mineral  however  does  not 
occur  at  Niagara.     Small  masses  of  tibrous  gy])sum  or  satin  s])ar 

have  been  foimd,  but  these  are  viry  rare.  The  satin  s])ar  of  which 
the  cheap  jewelry  sold  in  the  curiosity  shops  is  ma<le  is  not  from 
Niagara. 

Among  the  metallic  minerals  foimd  in  this  rock,  zinc  blende  or 
sphalerite  is  most  common.  It  is  gem-rally  of  a  yellowish  or  light 
brownish"  color  and  brilliaiU  nsinous  luster.  Large  masses  how- 
ever are  rare,  (jalenite  or  k-ad  sidtid  crystals  are  also  occasionally 
found,  but  this  mineral  is  comparatively  rare.  In  addition  to  these, 
iron  pyrite,  iron-cop])er  ])yrite  (clialco])yritc),  green  coi)])er  carbonate 
(malachite),  fluor  si)ar  (tluorite),  iron  carbonate  or  brown  s])ar 
(siderite,  generally  ferruginous  dolomite),  strontium  sulfate  (celes- 
tite)  and  native  sulfur  as  well  as  other  minerals  are  met  with. 

The  total  thickness  of  the  limestone  ex])osed  in  this  section  is 
thus  somewhat  more  than  55  feet.  At  Lewiston  bights,  on  the  edge 
of  the  escarpment,  only  aboiU  Jo  feet  are  ex])osed.  This  includes 
the  two  lower  strata  of  hydraulic  limestone,  the  crinoidal  limestone 
and  a  few  feet  of  the  lowest  geodiferous  beds  (stratum  4).  (  )ver 
this  lie  some  two  or  three  feet  of  glacial  till.  The  distance  between 
the  edge  of  the  escarpment  and  the  (|uarry  at  the  end  of  the  section, 
is  a  little  over  a  mile  and  a  half,  the  increase  in  thickness  of  the 
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limestone  and  tbc  rate  of  dip  (since  the  surface  is  about  level)  is 
therefore  a  trifle  less  ihan  25  feet  in  the  mile. 

ITie  crinoidal  limestone  is  the  most  prominent  stratum  on  the  edge 
of  ihe  escarpment.  From  its  base  springs  of  cold  and  clear  water 
issue  at  numerous  places  along  the  outcrops,  both  on  the  edge  of 
the  escarpment  and  in  the  gorge.  The  most  prominent  of  these  is 
ai  Ihe  head  of  "  Milk  cave  "  or  St  Patrick's  falls,  and  here  as  almost 
everywhere  at  the  base  of  Ihe  crinoidal  limestone,  shallow  caverns 
abound.  One  of  these  cavern.s  near  the  head  of  the  falls,  has  a  depth 
o(  35  or  40  feet  and  is  high  enough  to  permit  one  to  walk  upright. 
Ko  stalactites  are  found  in  these  caverns,  but  the  walls  are  much 
di«inti;gTaied  and  in  places  covered  with  a  fine  residual  sand. 

In  the  licMs  above  this  cavern  are  several  sink  holes  of  moderate 
def'ilt,  whii-h  serve  as  catchment  basins  for  the  waters  of  the  sur- 
Touiyi'ms  country,  which  issue  from  these  caverns  during  the  wet 
ceasofis. 

Tbc  cavern  kniwn  an  the  Devil's  hole  belongs  to  this  category, 
A*  in  Ihe  oilier  caverns,  the  roof  is  formed  by  the  crystalline  crin- 
oMn]  iinir>|f<tie  (tlratum  3),  the  cavern  itself  being  hollowed  out  in 
ihc  hydraulic  cement  rock.  Tliis  cavern  is  deeper  lhan  mosi  others, 
tnd  al  Ihe  end  a  !(pring  of  deiiciously  cool  water  issues  from  between 
the  tw(  bedK,  the  upper  "  spring  line  "  of  this  region.  There  is  no 
evideme  thai  llie  cavern  extended  any  deeper  than  it  docs  at  present, 
iievi-riln-k-iitt  the  spot  is  worth  visiting,  as  it  is  the  only  accessible 
'jiK-  '/( the  numerous  sj>rings  and  caverns.  The  fall  of  the  Bloody 
run  ai  this  (dace  is  over  a  thickness  of  almost  60  feet  of  hniestonc. 
and  th»-  chaini  which  this  stream  has  worn  is  interesting  both  from 
iis  ljisi'*ri'"  and  wcriic  jmints  of  vicw.^ 

\\'<-!-i  -li  Ihi-  -Niagara  river  on  Queenston  hights  several  quarries 
]jav<-  bi-.-n  iipi-ircd  in  these  limestones,  some  distance  south  of  the 
I'J^i-  '-f  ill'-  <M  ;i(piiii-nl.  The  rock  quarried  is  the  crinoidal  iime- 
,-^;ij'  and  '/vilviiin  Itcils.  The  total  depth  of  rock  in  the  quarry  is 
^7  f'.i,  ',1  vvliiili  llir  lower  14  or  15  feet  are  bluish  gray  and  the 
i.ij/j^<  I  '/(  ;i  li^dinr  t,'r;iy  color.  The  limestone  is  here  nmch  more 
i.illiii'    tlinmghout  and  more  fossiliferous.     This  may 
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the  shales.     The  succtss:  *:     :  >:t,;:.;   > 

1  Concretionary'.  :rTtji:':'.*tr'.\  ^^vM^/.  c^  :'^  ■* -^'-"^  •  xx.,v^  ,^".^  ^ 
earthy  and  with  occasional  ::v.t:.  >:\\!\  *,*i\v*^  :i  xp  ;x  ;v.;/:  \  -:,^ 
slabs  perpendicular  to  the  strar.ruMV.vVv      1  'v.vn^uxx  v^  s  ., ^ : 

2  Fine  grained  liniostono  with   >,iiu;\    tv^ :    n,x*v,  ;.;v..'\  v.v\\m\> 
sometimes  in  shattered  hiycrs  wsili  v\ui!\\   ^^^    >Ii.^\   p,uu^^^^    .*u*i 
separated    from    the    umlorlxiiii:    look    In     .m    ^,uih\     !,n%»       \\ 
weathers  to  an  ashv  or  siMiiotimos  aw  o\Mn\  ^«>K>j.  ,\\u\  \mu\  -^y^wu 
what  in  thickness.     The  upper  la\er  is  howixn   .i  -.oh*!  M\y\  \\\u 
grained  limestone.     Thickness  4. 1.5  leet. 

Strata  i  and  2  are  the  e(|iiivalent  i»l  the  ictnt-nt  lu-d*. 

3  Crystalline  and   crinoidal   hinestoiie   ahtnptiv    Mhtrnhiu-;    \\\\ 
lower  bed.     It  is  massive  though  .soniruhai  thin  hidilnl  (tnit  inn 
tains  geoditic  cavities  fihed  with  ^\{)miiii.     Thi*.  Minlhnii'i  iinilMini 
for  a  thickness  of  about  uj  fict. 

4  Compact  limestone;  eoneret ion arv  with  (avili<"-.  'iHiLuninf  |m.  p 
sum  and  other  minerals,  atid  with  sphahriir  1  inhtddid  mi  Mu  imi  I>, 
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The    becklinjTf    and    upper    contact    lines    are    irregular.     Thick- 
ness 14-15  feet. 

5  Compact,  finely  crystalline  and  homogeneous  dolomitic  rock, 
showing  traces  of  fossils  and  slickensides.  Beds  showing"  S  t  r  o  - 
m  a  t  o  p  o  r  a  common.  In  places  the  rock  has'  a  porous  appear- 
ance and  is  rich  in  geoditic  cavities,  which  are  lined  with  dolomite 
and  calcite  crystals.     Thickness  19  feet. 

This  stratum  forms  the  lower  portion  of  the  cliff  at  the  first  cut 
on  the  gorge  road,  and  the  basal  part  of  the  mass  left  standing  on 
the  river  side.  Heads  of  S  t  r  o  m  a  t  o  p  o  r  a  may  be  seen  in  this 
rock,  some  of  the  geoditic  cavities  having  replaced  this  fossil.  This 
is  about  the  summit  of  the  beds  exposed  in  the  quarry  at  the  end  of 
the  railroad  section. 

6  I^^arthy,  compact  dolomite  in  thin  layers,  which  give  the  cliff 
the  appearance  of  a  stone  wall.  Toward  the  top  the  rock  becomes 
more  compact  and  heavy  bedded,  this  giving  the  appearance  of  an 
overlying  stratum.  This  rock  is  full  of  geodes  lined  with  pearl  spar 
or  dolcjniite,  the  cavities  ranging  in  size  up  to  that  of  a  fist  or  larger. 
The  l)eds  are  generally  less  than  a  foot  in  thickness,  the  average 
being  from  3  to  6  inches.  Toward  the  top  of  the  cut,  the  rock 
becomes  more  c()m])act  and  finelv  crvstalline,  but  otherwise  remains 
similar.  IV'arl  spar  geodes  remain  common  to  the  top.  The  thick- 
ness of  this  mass,  at  the  beginning  of  the  gorge  road,  is  about  45 
feet. 

The  total  thickness  of  the  limestone  exposed  on  the  gorge  road  is 
in  the  neighborhood  of  110  feet.  This  is  double  the  thickness  found 
at  the  (juarry,  the  distance  between  the  two  points  in  a  straight  line 
being  about  three  miles  or  nearly  four  following  the  curvature  of  the 
river.  The  rate  of  increase  in  thickness,  (^r  the  amount  of  dip  of  the 
strata  is  therefore  about  20  feet  to  the  mile. 

Almost  the  only  recognizable  fossils  f(jun(l  in  these  limestones, 
excepting  the  crinoid  fragments,  are  the  hydro-coralline  St  r  o  m  a  - 
t  o  J)  o  r  a  (c  0  n  c  e  n  t  r  i  c  a  Hall)  and  the  coral  F  a  v  o  s  i  t  e  s  . 
Both  occur  in  the  middle  and  upper  portions  of  the  exposed  mass, 
and  may  generally  be  seen  in  the  weathered  upper  surfaces  of  the 
limestone  beds.     Thus  wherever  these  beds  are  exposed  on  the  sur- 
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face,  as  at  the  whirlpool  on  the  Canadian  side,  at  the  fall  of  Muddy 
brook,  and  near  Clifton,  these  fossils  are  generally  weathered  out  in 
relief.  They  are  however  not  readily  separated  from  the  rock. 
Many  of  the  geodes  still  show  traces  of  coral  stnicturc,  which  is 
sometimes  shown  in  the  included  gypsum. 

The  limestone  is  well  exposed  in  the  cliff  at  Goat  island,  where  it 
has  a  total  thickness  of  about  i  lo  feet.  The  contact  between  the  shale 
and  limestone  can  be  seen  near  the  entrance  to  the  Cave  of  the 
Winds,  where  it  is  about  a  foot  above  the  top  of  the  stairs.  The  roof 
of  the  Cave  of  the  Winds  is  formed  bv  the  crvstalline  crinoidal  lime- 
Stone,  the  same  bed  which  forms  the  roofs  of  all  the  minor  caverns 
along  the  gorge.  The  cement  beds,  about  10  feet  thick,  together 
with  the  70  feet  of  Rochester  shale,  are  removed  by  the  spray  to  a 
depth  of  perhaps  30  or  40  feet,  the  floor  of  the  cave  being  probably 
on  the  upper  Clinton  limest<me,  tluis  making  the  hight  of  the 
cavern  80  feet.  Floored  and  roofed  by  resisting  beds  of  crystalline 
limestone,  this  great  cavern  is  a  tit  ilhistration  of  selective  erosion  by 
falling  water  on  rocks  oi  une(|ual  hardness. 

The  massive  limestcme  which  forms  the  vertical  cliff  of  (ioat  island 
is  68  feet  thick,  its  base  being  on  a  level  with  the  foot  of  the  Riddle 
stairway.  The  top  of  this  cliff  marks  aj)pr<^ximately  the  level  of 
the  falls  on  either  side  of  (ioat  island,  which  therefore  have  a  total 
thickness  of  nearlv  80  feet  of  limestone,  of  which  however  the  lowest 
10  feet  yield  to  erosion  as  does  the  underlying  sliale.  We  may  thus 
say  that  at  the  falls  there  are  70  feet  of  resistant  limestone  on  top, 
and  80  feet  of  yielding  shales  and  limestones  below.  As  the  crest  of 
the  falls  approximates  160  feet  above  the  river  l)elow,  at  least  10  feet 
of  Clinton  limestone  are  found  above  the  water  level. 

From  the  top  of  the  vertical  cliff  at  ( loat  island  a  sloi)ing  bank 
exposing  thin  bedded  limestones,  overlaid  by  about  10  feet  of  shell- 
bearing  gravels,  rises  to  a  hight  of  about  40  feet,  while  on  either 
side  of  Goat  island  these  thin  bedded  limestones  form  the  rapids 
above  the  two  falls.  As  the  total  hight  of  the  rai)ids  is  about  50 
feet,  and,  as  they  are  formed  along  the  strike  of  the  beds  owing  to 
the  right-angled  turn  in  the  river  at  this  point,  the  thickness  to  be 
added  to  the  known  limestone  mass  is  not  over  50  feet,  giving  a  total 
thickness  of  130  feet  of  limestone  exposed  within  this  region. 
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Ouelph  dolomite 

This  rock,  named  from  its  occurrence  at  Guelph  (Ont.)  about  75 
miles  northwest  of  Niagara  falls,  is.  so  far  as  known,  absent  from 
the  Niagara  district.  As  before  noted,  it  may  however  be  repre- 
sented in  the  buried  hundred  feet  of  limestone  (more  or  less)  which 
lie  above  the  130  feet  of  known  rock,  as  shown  by  the  boring's  in  this 

region. 

Salina  beds 

The  basal  beds  of  the  Upper  Siluric  are  the  saliferous  shales  and 
calcareous  beds  of  the  Salina  stage,  so  named  from  the  salt-produc- 
ing village  of  Salina  in  Onondaga  county.     This  is  the  horizon 
which  furnishes  all  the  salt,  as  well  as  the  gypsum  of  New  York 
state  and  the  adjoining  territory.    In  the  Niagara  region  this  forma- 
tion   is    not   well    exposed,   owing   to   the    soft    character    of    the 
rock  which  has  permitted  deep  erosion  in  preglacial  times,  and  to 
the  extensive  drift  deposits  which  cover  it.     The  only  known  ex- 
posures on  the  Niagara  are  on  Grand  island  and  on  the  Canadian 
side  of  the  river  opposite  North  BuflFalo.     On  Grand  island   the 
Salina  rocks  may  be  seen  at  Edgewater  about  200  yards  below  the 
boat  landing.     Here  the  following  section  is  exposed.^ 

3  Light  colored,  soft,  friable  gypseous  shales,  5  feet 
2  Greenish  shales  containing  nodules  of  gypsum,  i^  feet 
I   Black  shale  in  the  river  bed 

The  exposure  extends  300  yards  down  the  river  bank. 

At  the  extreme  northern  end  of  the  island,  where  it  divides  the 
river,  an  impure,  thin  bedded  limestone  of  this  series  is  exposed. 
The  exposures  on  the  Canadian  bank  begin  a  short  distance  south 
of  this,  and  extend  to  the  International  bridge,  the  rock  here  being- 
a  more  or  less  gypsiferous  shale. 

From  the  numerous  borings  in  this  region  we  have  however 
gained  a  fair  knowledge  of  the  character  and  thickness  of  this  rock, 
the  latter  averaging,  according  to  Bishop,  386  feet.  The  best  avail- 
able record  of  the  rocks  lying  between  the  Waterlime  and  the  Ni- 
agara series  of  limestones  is  the  core  of  a  well  drilled  on  the  land 
of  the  Buffalo  cement  co.  in  North  BuflFalo.     This  core,  w-hich  has  a 

^Bishop.     15th  an.  rep't  N.  Y.  state  geologist.     1895.     p.  311. 


|C  FALLS    AND    VXCI.VITY 


r  preserved  in  the  museum  of  the  Buffalo 
I,  and  from  it  the  following  succession  of 


P"«bove  the  mouth  of  the  well,  about 
I  cement  rock  in  thin  streaks 
y  pure  cement  rock 
^H'I  ci-nient  rock  in  thin  streaks 
■  f;ypsimi 


7 
25 


b  irypsuni  4 

t  and  gyjisnm  mottled  7 

'■.ill  colored  shale  with   several  thin  layers  of 

.  iiiie  gypsum  58 

rk  colored  limestone  2 

ak-  and  limestone  4 

inpact  shale  3 

|jsum  ami   shale  mottled  and   in  streaks  ap- 

jiroximatinp  2yo± 

■  li  this  fornialiun  has  never  been  niinetl  tn  this  dis- 

die  stronR  flow  of  water  through  these  strata.     Xo 

■mid  in  the  Salina  of  this  region,  though  they  are 

1'  the  formation  farther  east.     Salt  water  is  however 

-its  are  very  rare  throughout  these  beds;  none  have 

the  exposures  on  the  Niagara  river. 

Rondout  waterlime 

beds  of  this  region  graile  upward  into  a  magnesian 
•'h  contains  a  considerable  amount  of  aluminium  sili- 
per  portion  of  this  series,  which  in  the  Niagara  region 
ss  of  about  50  feet,  is  very  uniform  in  character  and 
ic  manufacture  of  hydraulic  cement.  In  North  lUif- 
'  quarries  have  been  opened  in  this  rock  by  the  Buffalo 


ns. 


it  and  Kypsuni  deposits  in  ButTalo.    Am.  i 
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cement  co.,  and  here  a  stratum  nearly  6  feet  thick  is  quarried  and 
converted  into  cement.  As  the  quarries  are  opened  south  of  the 
second  escarpment  (inface  of  the  Onondaga  cuesta^),  the  surface 
rock  of  Onondaga  limestone  and  the  Manlms  limestone  have  to  be 
stripped  off  before  the  cement  rock  is  reached. 

The  characters  of  the  several  strata  have  been  briefly  enumerated 
in  the  section  derived  from  the  gas  well  core.  The  upper  beds, 
which  are  alone  accessible  in  this  region,  may  generally  be  seen  in 
the  escarpment,  specially  where  it  is  crossed  by  streams,  as  at  Will- 
iamsville,  or  where  quarries  have  been  opened.  The  rock  is  fine 
grained,  often  showing  a  marked  banding  or  lamination,  and  breaks 
with  a  conchoidal  fracture,  producing  rounded  surfaces. 

In  this  rock  we  find  entombed  the  remains  of  those  remarkable 
Crustacea,  the  Eurypterids,  whose  bizarre  form,  remotely  fish-like, 
has  excited  more  interest  than  any  other  fossil  found  in  this  reg'ion. 
These  Crustacea  have  made  the  Waterlime  of  Buffalo  famous,  and 
the  lUiffalo  society  of  natural  sciences,  whose  collections  embrace  a 
magnificent  series  of  these  fossils,  has  fittingly  adopted  it  as  chief 
among  its  insignia. 

Besides  these  Crustacea  several  other  organisms  have  been  found 
ill  the  Waterlime  strata  of  north  Buffalo.  Among  these  are  a  num- 
ber of  undcscril)ed  brachiopods,  including  at  least  one  species  of 
L  i  n  g  u  1  a  . 

Manlius  limestone 

The  waterlime  of  north  Buffalo  is  succeeded  bv  a  stratum  of  im- 
pure  limestone  from  7  to  8  feet  in  thickness  and  known  locally  by 
the  name  of  "  bullhead  "  rock.  The  line  of  demarkation  between  the 
two  formations  is  not  a  very  pronounced  one,  for  the  inferior  rock 
grades  upward  into  the  superior  one.  The  rock  is  a  dolomitic  lime- 
stone of  a  very  compact  semicrystalline  character,  with  a  high  per- 
cent of  argillaceous  material,  and  not  infrequently  a  strong  petrol- 
eum odor.  It  is  mottled,  having  frequently  the  appearance  of  a 
limestone  breccia,  and  consists  of  purplish  gray,  angular  or  rec- 
tangular pieces  and  similar  light  colored  and  more  yellowish  ones. 
The  latter  appear  to  be  more  argillaceous  than  the  former.    There 


^Scc  chapter  i. 
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mclusivc  evidence  that  the  rock  is  brecciated,  nevertheless 
■Otatioii  strongly  suggests  it. 
j  roek  is  commonly  very  porous  in  its  upper  portion,  the 
t  heing  iiften  lined  with  crystals  of  calcite  or  other  minerals, 
[nnller  of  the  cavities  are  <Iue  to  the  dissolving  out  of  the  small 
C  y  a  t  Ii  iJ  p  h  y  1 1  u  ni  h  y  d  r  a  u  1  i  c  u  m  ,  which  was  ex- 
^gly  abundant  in  the  upper  part  of  the  stratum.  This  coral  is 
My  found  in  a  prostrate  position,  with  the  mold  perfectly  pre- 
i  in  the  inclosing  rock  matrix,  so  that  a  perfect  cast  of  the 
lean  be  obtained  by  the  use  of  gutta  percha  or  dentist's  wax. 
^L*»t  exposure  of  this  rock  is  in  the  walls  of  the  quarries  of  the 
>  cemeul  co.  It  may  also  he  seen  in  the  face  of  the  Onon- 
Jescarpmcnt  at  Williamsville  and  eastward.  In  many  places  in 
mient  quarries,  the  upper  part  of  this  limestone  is  rich  in  iron 
rites,  which  commonly  occurs  in  small  cubes,  not  infrequently 
'cidixed  to  iimonite.  (ireen  stains  of  hydrous  carbonate  of  copper, 
<'  OMlacbite,  are  not  uncommon,  these  resulting  probably  from  the 
■CompOBition  of  chalcopyritc,  which  is  disseminated  in  minute 
raiai  through  portions  of  the  rock.  Many  of  the  geode  cavities 
^Qtain  scalenohedra  or  acute  rhombohedra  of  calcite.  as  well  as  sul- 
.le  0f  Btrontian. 

A  remarkable  feature  of  the  ManHus  limestone  of  the  Niagara  re- 

lOD  is  the  nature  of  the  fossil  fauna  which  it  contains.     This  fauna 

tow*  an  intimate  relation  to  the  Corallire  limestone  fauna  of  Scho- 

irie  county  (N.  Y.)  a  rock  which  is  regarded  the  eastern  equiva- 

■nt  of  the  Lockport  (Xiagara)  limestone  of  this  region.     Several 

I  the  species  found  in  the  Manliu.s  limestone  of  this  region  are 

lentical  with  those  of  the  Coralline  limestone,  while  between  other 

"epreKOtative  species  of  the  two  formations  there  exists  a  very  close 

elatioiuhip.     It  is  difficult  to  escape  the  conclusion  that  the  Man- 

'iui  limestone  fauna  of  the  Xiagara  region  is  a  late  return  of  the 

CoiraDi^  limestone  fauna,  at  the  close  of  the  long  interval  during 

wfflol.Ae  Salina  shales  were  deposite<l  in  the  Sihiric  seas  of  this 


The  Siluro-Sevonic  contact 

'l^jhe  Manlius  limestone  of  the  Xiagara  region  is  succeeded  by  the 

O^jpldaga  limestone  of  Devonic  age.     The  latter  rests  unconform- 


!l8 
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ably  on  the  fornKT,  this  unconformity  being;  emphasizeii  by  ilie 
absfni^e  u(  al!  Lower  Dcvonic  strata  in  this  region,  with  the  excep- 
tion of  thin  lenses  of  sandstone  which  may  be  correlated  with  the 
()riskany.  The  upper  surface  of  the  Manlius  limestone  is  knotty 
and  concretionary,  producing  minor  irregularities,  hut  in  addition 
to  these  there  are  well  marked  traces  of  the  erosion  of  these  strata, 
prior  to  the  deposition  of  the  overlying  beds.  These  traces  are  of  the 
nature  of  channels  and  irregular  truncations  of  the  strata,  the  former 
in  some  cases  assuming  considerable  importance.  (Fig.  21-23) 
In  the  east  wall  of  the  quarry, 
not  far  from  the  stamp  mill, 
the  surface  of  the  Manlius 
limestone  is  strongly  ex- 
'  cavated,  the  excavation  being 
mainly  filled  by  beds  of  the 
Onondaga  limestone.  Be- 
tween the  two  limestones  oc- 
curs a  mass  of  shale  and 
conglomerate  having  a  total 
thickness,  in  the  central  por- 
tion, of  something  over  a  foot.  Tlie  lower  6  nr  8  inches  are  a  lime- 
stone conglomerate,  the  pebbles  of  which  are  fragments  of  the 
underlying  limestones.  These  pebbles  are  flat,  but  well  rounded 
on  the  margins,  showing  evidence  of  protracted  wear.  Tliey 
are  firmly  embedded  in  a  matrix  of  indurated  quartz  .'land. 
which  surrounds  them  and  fills  in  ail  the  interstices.  This 
bed  thins  out  toward  the  sides  of  the  channel.  On  the  con- 
glomerate lie  about  6  inches  of  shale  and  shaly  limestone,  and 
these  are  succeeded  by  the  Onondaga  limestone.  The  width  of  the 
channel,  which  is  clearly  an  erosion  channel,  is  about  18  feet,  and 
its  depth  is  about  3J  feet.     (Fig.  23) 

From  the  point  where  this  channel  is  seen,  the  contact  can  be 
traced  continuously  for  a  thousand  feet  or  more  eastward,  along  the 
quarry  wall.  It  frequently  shows  a  thin  shaly  bed,  often  containing 
quartz  grains,  lying  between  the  two  limestones. 

Xot  very  far  from  the  channel  just  described,  a  remarkable  "sand- 
stone dike  "  penetrates  the  Siluric  limestones  of  the  quarry  wall. 
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This  dike,  which  can  be  clearly  trace<l  in  the  wall  of  the  quarry  for 
a  distance  of  perhaps  30  feet  in  an  east  and  west  direction,  was 


nf-K  CbaBBd la  Maollui  limmiimp  wiLh  OrKkiii)-  ■undnbiiK'  ui< 

caused  by  the  filling  of  an  ancient  fissHrc  in  the  Sihiric  strata,  by 
sands  forcibly  injected  from  above.  The  fissure  had  a  total  depth 
of  about  10  feet :  its  walls  were  very  irregidar.  and  at  intervals  lateral 
Assures  extended  in  both  directions.  (,SVc  Via.  -^41  AH  of  these  are 
now  filled  with  pure  qnartK  sanil,  firmly  united  into  a  (|iiartzose 
sandstone  by  the  deposition  of  additional  silica  in  the  interstices  be- 
tween the  san<l  grains. 


1 


ncMlMMUonadke 
The  d  ke  pene  a 
lime  to  a  depth  of  from  ~  in 
top,  where  the  Onondaf^a  litnestom-  r 
on  the  limestone  fiankin;^  it.  The  ( )i 
unaffected  by  the  dike,  being  evidently 
and  truncation  of  this  remarkable  mas: 


r  ck  r- 

ll  l^  .s(|iurtlj  ml  off  at  the 
sts  011  its  truncated  end  and 
ondaga  limestone  is  entirely 
(k'po.-iiled  after  the  formation 
of  sandstone.     The  width  of 
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the  filled  fissure  is  scarcely  anywhere  over  2  feet,  but  the   lateral 
offshoots  extend  many  feet   into  the  walls  of  Manlius  limestone. 
These  offshoots  or  rootlets  of  the  dike  are  irregular,  commonly  nar- 
row, and  often  appear  as  isolated  quartz  masses  in  the  Manlius  or 
the  waterlinic  rock,  the  connection  with  the  main  dike  not  being- 
always   discernible.     Such   masses  of  quartz  sandstone  h^ve  been 
traced  for  more  than  30  feet  from  the  dike.     The  irregularity  of  the 
walls  of  the  fissure  is  very  pronounced.     Angular  masses  of  lime- 
stone project  into  the  quartz  rock,  while  narrow  tongues  of  sand- 
stone everywhere  enter  the  limestone.     Extensive  brecciation  of  the 
limestone  has  occurred  along  the  margin,  and  the  sandstone  there 
is  filled  with  angular  fragments  of  the  limestone,  which  show  no 
traces  of  solution  or  wear  by  running  water.     These  limestone  frag- 
ments are  themselves  frecjuently  injected  with  tongues  of  the  quartz 
sand.     Microscopic  examination  shows  evidence  of  a  certain  amount 
of  shearing  along  the  margin  of  the  dike,  accompanied  by  a  pul- 
verizing or  trituration  of  the  limestone,  and  followed  by  reconsoli- 
(lation.     These  and  other  features  point  to  a  cataclysmic  origin  of 
the  fissure  which  contains  the  dike  and  a  more  or  less  violent  in- 
jection of  the  sand.     The  fissure  must  have  been  formed  and  filled 
before  the  deposition  of  the  Onondaga  limestone  and  while  the  Man- 
lius limestone  was  covered  b}'  a  stratum  of  unconsolidated  sand. 
The  formation  of  the  fissure  and  the  injection  of  the  sand  into  it 
from  above   nuist   have  occurred  simultaneously;  for  this  appears 
the  only  wa\-  to  account  for  the  inclusion  of  large  fragments,  or 
"  horses  ",  (jf  the  wall  rock  in  the  loose  sand,  and  the  injection  of 
the  sand  into  all  the  cracks  and  crevices.     It  seems  probable  that 
the  fissure  records  an  eartluiuake  shock  during  the  period  interven- 
ing between  the  close  of  the  Siluric  age  and  the  deposition  of  the 
Devonic  liniesttjnes.     This  is  l)orne  out  by  the  occurrence  of  numer- 
ous small  faults  or  displacements  in  the  underlying  strata  of  water- 
lime. 

Devonic  strata 

The  Lower  Devonic  is  represented  in  the  Niagara  region  by  the 
thin  beds  of  shale  and  sandstone  before  mentioned  as  occupying 
erosion  hollows  in  the  Manlius  limestone.     These  are  perhaps  the 
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equivalent  of  [he  Oriskany  sandstone  of  eastern  New  York,  though 
no  fossils  liave  been  found  in  them.  With  the  exception  of  these 
layers  ilie  Lo\i'er  Devonic  strata  are  wanting  in  this  region. 

The  Miiidle  Devonic  is  however  well  represented  in  the  Niagara 
region  by  thi'  Onondaga  limestone.  This  rock,  which,  as  has  been 
shown,  rests  iti  most  cases  directly  on  the  Manlius  limestone,  con- 
sists of  a  lowtr  crystalline  and  highly  fossiliferous  portion,  and  an 
upper  mass  full  of  layers  of  hornstone  or  chert  which  on  weathered 
surfaces  stanil  out  in  relief.  This  part  of  the  formation  is  generally 
known  as  iIk'  Comiferous  limestone,  in  reference  to  the  layers  of 
chert  whifli  make  the  rock  unfit  for  other  use  than  rough  building. 
Owing  to  tlif  presence  of  the  hornstone,  this  rock  effectually  re- 
usts  tht  attacks  of  the  atmosphere,  and  hence  its  line  of  out- 
crop is  generally  marked  by  a  prominent  topographic  relief  feature, 
the  scconil  I'si-arpmcnt  of  western  .\'e\v  York  i.  c,  the  inface  of  the 
Onondaga  innsta. 

The  clKTt-free  lower  member  of  tliis  formation  varies  greatly  in 
thickness  i-vcn  within  a  limited  territory.  It  is  in  places  extremely 
rich  in  i.-cjr;ils.  and  outcrops  of  this  rock  show  all  the  characteristics 
of  an  ancient  ooral  reef. 

History  of  the  Niagara  region  during  Silnric  time 
We  have  now  gathered  data  for  a  brief  synopsis  of  the  history  of 
this  region  during  Siluric  time.  Much  still  remains  to  be  learned, 
but  from  what  is  known  wc  can  trace  at  least  in  outline  the  sequence 
of  geologic  events  which  characterized  that  ancient  era  of  the  earth's 
history  in  this  vicinity. 

When  the  Siluric  era  opened,  Xew  York,  with  portions  of  Penn- 
sylvania and  .southern  Ontario,  was  covered  by  tlie  'shallow  Medina 
sea.  This  sea  appears  to  have  been  of  the  nature  of  a  mediter- 
ranean body  of  water,  which  later  changed  to  a  bay  opening  toward 
the  southwest.  This  "Bay  of  Xew  York",  as  we  shall  call  it,  came 
into  existence  by  the  orogenic  disturbances  which  marked  the  transi- 
lion  from  tlie  Ordovicie  to  the  Siluric  era,  and  as  a  result  of  which 
the  Taconie  mountain  range,  with  the  Green  mountains  and  the 
eorrcspunding  Canadian  ranges,  were  elevated.     This  cut  ofl  the 
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communication  between  the  open  Atlantic  and  liie  interior  Paleozoic 
sea  which  existed  during  Ordovicic  time.  This  bay  was  thus  sur- 
rounded by  old-lands  on  the  north,  east  and  southeast,  and  its 
waters  appear  to  have  been  very  shallow.  We  do  not  know  just 
what  the  conditions  were  under  which  the  early  Sihiric  deposits  of 
this  region  were  made ;  for  the  lower  beds  are  so  barren  of  organic 
remains,  that  we  are  forced  to  look  for  evidences  other  than  that 
furnished  by  fossils,  of  the  physical  conditions  during  this  perioij. 
It  is  not  improbable  that  the  waters  of  the  early  Medina  sea  were 
cut  ofT  from  the  ocean  at  large,  at  least  sufficiently  to  prevent  a  free 
eomniunicatioii,  This  may  not  have  been  the  case  at  first;  for  A  r  - 
t  ii  r  o  p  h  y  c  u  s  h  a  r  1  a  n  i  flourished  in  these  waters  during  the 
deposition  of  the  Oswego  beds.'  and  this  species  characterizes  the 
rocks  of  late  Medina  age,  during  the  deposition  of  which  we  have 
reason  to  suppose  that  a  junction  of  the  Medina  sea  wilh  the  ocean 
at  large  had  been  effected. 

Along  the  eastern  and  southeastern  margin  of  this  interior  water 
body  were  deposited  the  thick  beds  of  conglomerate,  which  now 
constitute  the  capping  rock  of  the  Shawangunk  and  other  ranges 
of  hills,  while  farther  west,  at  a  distance  from  the  source  of  supply, 
the  Oswego  sandstone  was  accumulating.  Later  the  character  of 
the  deposit  changed  in  this  region,  from  the  gray  silicious  sands  to 
the  impalpable  muds  and  fine  sands  of  the  lower  Medina.  What- 
ever the  source  of  these  sands,  ferruginous  matter  was  plentiful,  as 
shown  by  the  red  color  of  the  deposits,  and  this  leads  to  the  sup- 
position that  they  were  derived  from  the  crystalline  rocks  of  the 
Adirondacks  and  the  Canadian  highlands  and  not  from  Ordovicic  or 
Cambric  deposits. 

It  is  not  improbable  that,  during  the  early  Medina  epoch,  the 
waters  of  this  basin  were  of  a  highly  saline  character.  \'o  deposits 
of  salt  were  formed,  or  if  these  existed,  they  were  subsequently 
leached  out.  The  Medina  beds  are  however  rich  in  saline  waters, 
salt  springs  being  common  throughout  this  region,^  and  this  may 

'This  ppeeies  is  found  in  the  eastern  part  of  the  district,  at  the  ha-^e  of 
the  Oneida  conglomerate. 

"In  tht  tarly  part  of  the  century  salt  was  not  infrequently  manufactured 
from  these  springs. 
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indicate  a  high  degree  of  salinity  of  the  waters  of  the  early  Medina 
sea.  If  such  was  the  case,  it  may  have  been  accompanied  by  a  more 
or  less  arid  climate,  which  favored  the  concentration  of  the  sea 
water.  Thick  beds  of  terri|T^enoiis  material  accumulated  in  the  cen- 
ter of  the  Medina  basin  reaching  in  the  Niagara  region  a  thickness 
of  over  a  thousand  feet.  These  early  deposits  probably  did  not  ex- 
tend far  west  for,  though  in  nt^rthcrn  Ohio  and  Michigan,  Medina 
beds  from  50  to  100  feet  or  more  in  thickness  are  known,  these  are 
probably  to  be  correlated  with  the  ui)1)ct  Medina  oi  the  Niagara 
region. 

Toward  the  close  of  the  Medina  ei)()ch,  the  Siluric  sea  had  en- 
croached on  the  lands  to  such  an  extent  as  to  effect  a  junction  with 
the  Medina  basin,  whereui)()n  normal  marine  conditions  were  again 
established.  This  is  indicated  by  the  marine  fauna  and  flora  which 
characterize  the  upj)er  Medina  beds.  The  first  deposit  in  this  re- 
gion, on  the  reestablishment  of  normal  marine  conditions,  was  the 
white  quartzose  sandstone  which  cai)s  the  red  shale  of  the  lower 
series.  Mud  and  sand  now  alternated,  indicating  an  oscilla- 
tion of  conditions  with  numerous  changes  in  the  currents  which 
distributed  the  detrital  material.  Thin  beds  of  limestones  also 
formed  at  rare  intervals,  chietly  from  the  growth  of  bryozoans  in 
favorable  localities.  In  the  P>ay  of  New  ^'ork  the  waters  continued 
moderately  shallow,  as  shown  by  the  well  developed  cross-bedding 
structure  in  the  sandstones.  At  intervals  large  tracts  seem  to  have 
been  laid  bare  on  the  retreat  of  the  tide,  as  indicated  by  the  wave 
marks  and  other  shore  features  which  give  the  surfaces  of  some 
Medina  sandstone  slabs  such  a  remarkable  resemblance  to  a  modern 
sand  beach  exposed  by  the  ebbing  tide.  In  fact,  we  may  not  in- 
aptly compare  this  stage  of  the  Siluric  bay  of  New  York  with  the 
upper  end  of  the  modern  bay  of  h'undy,  where  the  red  sands  and 
muds  are  laid  bare  for  miles  on  the  retreat  of  the  tide. 

After  the  last  sandstone  bed  of  the  Medina  stage  had  been  de- 
posited, the  water  probably  became  purer  and  deeper,  and  the  6 
feet  of  Clinton  shales  were  laid  down  in  the  Niagara  region.  In 
the  eastern  part  of  the  I>ay  of  New  Y(;rk,  sandstones  were  deposited 
even  during  the  Clinton  epoch,  while  the  conditions  favoring  the 
-deposition  of  limestone  existed  only  during  the  short  interval  in 
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the  Niagara  period,  when  the  Coralline  limestone  of  Schoharie  was 
laid  down.  Westward,  however,  the  adjust  men  t  of  conditions  went 
on  more  rapidly,  and  the  CHnton  limestones,  with  the  calcareous 
shales  and  limestones  of  the  upper  JViagaran.  became  the  charac- 
teristic deposits.  During  nearly  the  entire  Niagara  period  life  was 
abundant  in  the  Siluric  sea,  and  the  Bay  of  New  York  had  its  mar- 
velous succession  of  faunas,  which  have  made  these  strata  the  stand- 
ard for  the  Siluric  beds  of  this  continent. 

All  the  Siluric  limestones  of  the  Niagara  section  show  characters 
pointing  to  a  fragmental  origin,  and  in  this  respect  they  contrast 
strongly  with  the  Devonic  limestones  in  the  southern  part  of  the 
district.  The  latter,  as  before  mentioned,  show  the  characteristics 
of  an  ancient  coral  reef^  and  we  may  therefore  assume  that  they 
were  built  up  in  situ  by  the  polyps  and  other  lime-secreting  or- 
ganisms. Not  so  with  the  Siluric  limestones.  These,  to  be  sure, 
were  derived  from  similar  deposits  by  lime-secreting  organisms,  but 
these  deposits  were  originally  made  in  a  different  place  from  that 
in  which  we  find  the  limestones  today.  A  sedimentary  Hmestone  or 
lime- sand  St  one  is  similar  to  a  quartz  sandstone  or  a  shale,  in  that 
the  materia!  of  which  it  is  formed  is  the  product  of  erosion  of  pre- 
existing rocks.  In  the  case  of  the  quartz  sandstone,  this  is  gen- 
erally an  inorganically  formed  rock,  while  the  sedimentary  lime- 
stones are  most  usually  derived  from  organically  formed  rocks.  In 
the  former  case,  the  source  of  the  material  is  often  a  distant  one, 
while  in  the  latter  it  is  generally,  though  not  necessarily  always, 
close  at  hand.  A  coral  reef  growing  in  moderately  shallow  water 
is  attacked  by  the  waves,  as  are  all  rocks  which  come  within  their 
reach.  Erosion  results,  and  the  product  of  this  activity  is  carried 
away  and  deposited  on  the  ocean  floor  as  a  calcareous  sand.  Thus 
stratified  deposits  of  limestones  are  formed,  whereas  in  the  original 
organic  reef,  no  stratification  is  to  be  expected.  In  the  inmiediate 
neighborhood  of  the  growing  reef,  the  beds  of  calcareous  sand  will 
slowly  envelop  the  original  deposit  from  which  they  were  derived, 
and  thus  the  source  of  supply  is  chiefly  the  upper  growing  portion 
of  the  reef.  On  the  lime -sand  stone  strata  which  flank  the  reef,  in- 
dependent masses  of  coral   may  at  times  grow,  while  other   or- 
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ganisms,  such  as  mollusks  and  brachiopods.  will  also  find  this  a 
convenient  resting  place.  Thus  the  organically  formed  limestone 
masses  and  the  fragmental  limestones  will  interlock  and  overlap 
each  other  around  the  borders  of  a  growing  reef.  It  follows  then 
that  in  the  neighborhood  of  the  growing  coral  masses  the  sands 
derived  from  their  destruction  will  be  coarser,  the  finer  material 
being  carried  farther  out  to  sea,  and  (lcj)()sited  at  a  distance  from 
the  source.  Thus  an  a])pr()ximatc  criterion  for  the  determination 
of  the  distance  of  any  given  bed  of  calcareous  sand  from  its  place 
of  origin  is  furnished,  if  dci)()sits  of  such  calcareous  sand  are  made 
in  shallow  water,  cross-bedding  and  ri])ple  marks  will  be  found  just 
as  in  the  quartz  sands,  and,  as  we  have  seen,  the  former  structure 
is  characteristic  of  most  of  the  strata  of  Locki)()rt  limestone  exposed 
in  the  gorge  section  at  Xiagara.  It  may  be  added  that,  as  the 
organic  limestone  will  ccmtinue  to  form  as  long  as  the  conditions 
are  favorable,  the  sui)ply  of  calcareous  sand  is  i)ractically  inex- 
haustible.    Hence  thick  beds  of  such  lime-sandstones  may  form. 

In  the  Xiagaran  seas  the  chief  reef-building  corals  were  1^'  a  v  o  - 
sites,  H  a  1  y  s  i  t  e  s  and  1 1  e  I  i  (>  1  i  t  c  s ,  together  with  the  hy- 
dro-coralline S  t  r  o  m  a  t  o  ])  o  r  a.  Jlryozoans  also  added  largely 
to  the  supply  of  organically  formed  limestone  of  the  various  reefs. 
But  perhaps  the  most  im])()rtant  contributors  in  this  connection 
were  the  crinoids  and  related  organisms,  which  may  at  tinies  have 
constituted  reefs  of  their  own.  Their  abundance  is  testified  to  by  the 
frequent  thick  beds  of  limestone,  wliich  are  almost  wholly  made  u])  of 
broken  and  worn  crinoid  fragments.  'I'lie  crinoids  fell  an  easy  prey 
to  the  waves,  for,  on  the  death  of  the  animal,  the  calyx,  arms  and 

• 

stem  would  ([uickly  fall  ai)art  into  their  component  sections,  and 
hence  yield  fragments  readily  trans])orted  by  ilu*  waves.  In  the 
case  of  the  corals  and  the  shells,  which  latter  ])robably  formed  no 
unimportant  part  of  the  c)rganic  contributions  to  the  reefs,  the  work 
of  grinding  the  solid  limestone  masses  into  a  sand  probably  re(|uire(l 
the  aid  of  tools,  such  as  large  blocks  that  could  be  rolled  about  by 
the  waves,  or  it  may  have  been  aided  by  the  onmi])resent  reef-de- 
stroying organisms. 

The  infrequency  of  exposure  of  the  fossil  reefs,  which  furnished 
the  calcareous  sand,  need  not  disturb  us.     We  nnist  remember  iliat 
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he  actually  exposei!  sections  of  tliese  limestone  strata  are  very  few 
when  compared  with  the  great  extent  of  the  beds  themselves.  It 
must  also  be  borne  in  mind,  that  vast  portions  of  these  limestone 
beds  have  been  removed  by  erosion  during  the  long  post-Siluric 
time.  When  we  realize  that  the  actnal  reefs  must  have  been  widely 
scattered  in  the  N'iagara  sea.  and  that  our  sections  through  these 
strata  are  random  sections,  v,c  need  feel  no  surprise  at  the  unsatis- 
factory character  of  these  exposures.  It  must  however  be  added 
that  sections  farther  east,  as  at  Loekport  or  other  localities,  gen- 
erally show  much  more  of  the  reef  character  of  the  deposit,  the 
corals  in  these  being  correspondingly  abundant.  The  upper 
gcodiferous  beds  of  tlie  limestone  at  Niagara  were  probably  much 
more  fossiliferuus  than  the  lower.  As  before  mentioned,  the  geode 
cavities  most  likely  are  the  result  of  alteration  or  solution  of  some 
fossil  body,  probably  a  coral.  Though  fossils  may  have  been  plenti- 
ful, none  of  iliese  beds,  so  far  as  examined,  show  the  characteristics 
oi  true  reefs.  They  have  more  the  aspect  of  beds  of  coral  sand, 
on  which  isolated  heads  nf  corals  and  otht-r  organisms  grew  rather 
ptentiftiUy. 

During  tlic  doloniitizatioii  of  these  limestone  beds,  which  was 
probably  bronght  about  by  chemical  substitution  before  the  con- 
solidation of  the  coral  sand,  many  of  ihc  fossils  which  were  included 
in  these  sands  probably  suffered  alteration  and  more  or  less  com- 
plete destruction.  Thus  it  will  be  seen  that  even  the  few  organisms 
which  were  embedded  in  these  coral  sands,  did  not  survive  the  sub- 
sequent changes,  and  thus  the  barrenness  of  these  great  limestone 
masses  appears  to  be  fully  accounted  for.  The  (ossiliferous  char- 
acter of  the  upper  Clinton  limestone,  as  well  as  the  coarseness  of 
the  calcareous  fragments  of  which  it  is  composed,  points  to  a  near- 
ness of  this  rock  to  the  source  of  the  material:  for  in  the  vicinity  of 
the  coral  and  crinoid  reefs  the  food  supply  for  other  organisms 
would  be  most  abundant,  and  hence  these  would  develop  most  pro- 
lifically  in  such  a  neigh liorhood. 

A  careful  coniijarative  sttidy  of  the  Xiagaran  deposits  of  Xew 
York  and  those  of  the  middle  stales  has  brought  out  some  im- 
portant and  interesting  facts.     These  may  be  sunimeil  up  in  the 
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Statement,  that  the  Xew  York  fauna  is  more  individualized,  show- 
ing characteristics  stamping  it  in  some  degree  as  a  provincial  fauna. 
The  Niagaran  fauna  of  the  central  states  however  is  more  closely 
allied  to  the  European  Mid-Siluric  fauna  than  to  that  of  New  York 
state,  from  which  we  may  conclude  that  the  pathway  of  communi- 
cation between  the  American  and  European  Siluric  seas  was  not  by 
way  of  New  York,  a  conclusion  which  is  in  entire  harmony  with 
those  derived  from  the  physical  development  of  this  region  and  the 
characteristics  of  the  strata. 

Weller^  has  collected  data  which  indicate  that  the  pathway  of 
migration  of  faunas  between  the  two  continents  was  by  way  of  the 
arctic  region.  According  to  Wellcr's  interpretation  of  the  facts,  there 
existed  in  North  America  during  Siluric  time  "...  a  north  polar 
sea  with  a  great  tongue  stretching  southward  through  Hudson  bay 
to  about  latitude  ^^^.  There  were  doubtless  islands  standing  above 
sealevel  within  this  great  epicontinental  sea;  and  at  the  latitude  of 
New  York  there  was  a  bay  reaching  to  tlu*  eastward,  in  which  the 
Siluric  sediments  of  the  Xew  ^'ork  system  were  deposited.  Labra- 
dor, Greenland  and  Scandinavia  were  in  a  measure  joined  into 
one  g^eat  land  area,  though  perhaj)s  with  its  continuity  broken,  with 
a  sea  shelf  lying  to  the  north  of  it  and  another  to  the  south.  An- 
other epicontinental  tongue  of  this  northern  sea  extended  south  into 
Europe,  bending  to  the  west  arcnuid  the  southern  part  of  the  Scan- 
dinavian land  and  connecting  with  a  Silurian  Atlantic  ocean.  The 
sea  shelf  to  the  north  of  the  Labrador-Scandinavian  land  was  a 
means  of  intercommunication  between  northern  Europe  and  the  in- 
terior of  North  America,  and  the  sea  shelf  to  the  south  of  this  land 
was  a  pathway  between  England  and  eastern  Canada.''  That  por- 
tion of  North  America  lying  to  the  west  of  a  line  drawn  from  the 
Mississippi  to  the  Mackenzie  appears  to  have  been  dr>'  land  during 
the  Niagara  period,  and  connected  with  the  Appalachian  land  on  the 
east  by  the  westward  trending  axis  of  the  latter  in  the  southern 
United  States. 

At  the  close  of  the  Niagara  period,  there  appears  to  have  been  an 
elevation  of  the  continent  which  converted  the  l>av  of  Xew  York 
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and  the  greater  part  of  the  interior  Siluric  sea  into  a  vast  partially 
or  entirely   inclosed   basin.     This  elevation  appears   to    have   been 
accompanied     by     climatic     desiccation     which     broug'ht      about 
a  rapid  evaporation  of  the  waters  and  a  consequent    increase   in 
salinity.     Thus  this  great  interior  water  body  was  changed  from  a 
richly  peopled  mediterranean,  to  a  lifeless  body  of  intensely  saline 
water,  a  veritable  Dead  sea.     As  the  concentration  of  the  brine  con- 
tinued, deposition  of  gypsum  began,  and  later  on  the  extensive  beds 
of  rock  salt  of  this  formation  were  laid  down.     Some  of  these  salt 
beds    in    Michigan    are    reported    to    be    a    thousand    feet    thick, 
but  none  of  the  Xew  York  beds  approach  this  thickness.      The  clas- 
tic strata  of  the  Salina  scries  were  probably  derived  from  the  de- 
struction  of  the   sediments   which   were   formed  during   the    early 
periods  of  the  Siluric  and  during  preceding  periods.     This  would 
account  for  the  presence  of  limestone  beds  in  deposits  formed  in  a 
lifeless  sea.     All  these  limestones  were  more  or  less  mixed   with 
clayey  sediments;  they  may  in  fact  be  regarded  as  consolidated  ar- 
gillo-calcareous   nuids   derived    from   older  limestones   and    shales. 
This  is  the  character  of  the  Watcrlime  and  Manlius  limestone  which 
succeed  the  Salina  beds,  and  which,  though  fossiliferous,  could  have 
no  other  source  of  origin  than  preexisting  limestone  beds. 

The  Watcrlime  has  been  regarded  as  a  fresh-water  formation.  It 
is  more  likely  however  that  it  represents  a  return  of  marine  condi- 
tions through  the  opening  of  channels  between  this  interior  basin 
and  the  ocean  at  large.  This  is  indicated  by  the  fauna,  which  in- 
cludes undoubted  marine  forms.  AV'hether  this  connection  was 
through  the  old  northern  channel,  or  whether  a  new  channel  toward 
the  east  was  opened  is  not  apparent.  The  former  is  indicated  by  the 
character  of  the  Alanlius  limestone  which  succeeds  the  Waterlime, 
and  which  in  the  Niagara  region  has  features  associating  it  with 
the  corresponding  deposits  of  C)hio,  Michigan  and  Ontario,  rather 
than  its  eastern  ecjuivalents.  \\'hatever  the  nature  of  the  transgres- 
sion of  the  sea  which  took  place  in  the  late  Siluric.  it  was  not  of 
long  duration.  The  epoch  of  the  Manlius  limestone  and  with  it 
the  Siluric  era  were  brought  to  a  close  with  the  withdrawal  of  all 
the  waters  from  this  portion  of  the  continent,  which  thereafter  for 
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a  long  period  of  time  remained  above  the  sea.  During  this  time, 
the  Helderbergian  and  other  Lower  Devonic  strata  were  deposited 
in  the  Appalachian  region,  which  by  that  time  had  established  a 
southern  connection  with  the  open  Atlantic. 

Finally,  toward  the  middle  of  the  Devonic  era,  the  sea  once  more 
transgressed  on  the  abandoned  continent,  and  again  all  this  region 
was  covered  by  oceanic  waters.  ( )n  the  land  surface  of  early  Devonic 
times,  now  grew  corals  in  great  luxuriance:  and  reefs  of  great  ex- 
tent, with  their  accompanying  deposits  of  coral  sands,  and  their 
wealth  of  new  life,  again  characterized  the  interior  Paleozoic  sea.  It 
was  not  till  long  ages  after,  that  this  j)ortion  of  tlie  continent  was 
again  raised  above  the  sea.  This  last  elevation,  which  took  place 
toward  the  close  of  Paleozoic  time,  was  a  permanent  one,  with  the  ex- 
ception of  a  possible  slight  resubmcrgcnce  of  some  parts  of  this  region 
after  the  close  of  the  glacial  period.  With  the  last  great  emergence 
of  the  land  were  inaugurated  those  long  cycles  of  erosion  outlined 
in  chapter  i,  which  resulted  in  the  formation  of  the  great  topo- 
graphic features  of  this  region,  and  wliich  came  to  a  close  only  with 
the  envelopment  of  this  region  in  the  snow  and  ice  of  the  great 
glacial  winter. 
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FOSSILS  OF  THE  MAtiARA  REGIOX' 

PLANTS 

The  Paleozoic  marine  plants  or  soaweeds  are  generally  classed 
toRcllier  as  "  fucoids  '",  a  term  denoling  a  relation  of  these  organisms 
to  the  modem  rockweed,  F  u  c  u  s ,  which  fringes  the  rocks  of  our 
seacoast.  These  plants  were  probably  algae,  but  it  is  impossible  in 
most  cases  to  make  a  more  precise  classification.  Tlie  condition  in 
which  these  remains  are  found  today — as  a  rule  mere  impressions  or 
casts  of  the  original — gcnerallv  renders  the  determination  of  their 
afliiiities  a  hopeless  task.  In  some  remains  ihc  plant  nature  of  the 
organtsm  is  even  questionable. 

Genns  hythdtrephis  fial! 
[Ely.:  .iriSiirpif^i-,  growing  in  the  deep] 

11847.     f"l-  -V.  v.  i:9) 

Plant  consisting  of  subcylindric  or  compressed  stems,  usually  flat- 
irae^l  on  ibe  rock  surfaces  and  having  numerous  spreading  branches, 
nhich  in  some  species  are  leaf-like. 

ByUiotrephis  gracilis  Hall  (Fig.  2^\  I1852.  Pal.  .V.  }'  2:iS, 
pi.  5> 

Dislinsiiiiftiiig  churaili-rs.  Slender  branches  diverging  at  varying 
angles  from  a  central  stipe  which  not  infrequently  bifurcates.  Ter- 
minations of  branches  round  to  pointed. 


'Iti  ihis  chapter  only  the  Siluric  fossils  ot  the  Niagara  region  will  be 
con^idt-red,  those  01  the  Devonic  linitston«>.  which  border  this  region  on 
the  south  heins  ^o  numerous  that  they  nuiM  be  reserved  for  a  future  pub- 
lication. No  attempt  is  made  10  adi!  to  the  number  oi  known  species  01 
Siluric  io.ssils  01  the  Niagara  region.  Of  described  species  those  only 
which  have  been  ionnd  in  this  region  or  recorded  in  die  literature 
as  coming  from  ii  have  been  inchided.  with  ihe  addition  oi  such  si>ecies 
from  neighboring  localities  as  occur  there  abundantly,  and  may  roasonably 
bc  CNlweled  to  oocur  in  (he  Niagara  sections,  .\n  exhaustive  study  o!  the 
Nii9«7a  i»uw  oi  western  New  York  lias  still  to  be  made.  In  chapter  5 
a  <tiini)letc  avcount  oi  :ill  the  p<»l-PIiocene  she'ils  so  :ar  ionnd  in  the 
XiaKata  (jrim-ls  i>  given,  this  being  the  lirst  time  that  these  shells  are 
•te^cnbcd  and  ilUtstrated. 
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These  oi^nisms  occur  as  mere  impressions  on  the  rock  surfaces, 
varying  in  slenderness  of  branches  from  less  than  I  mm  to  5  mm 
(varieties  intermedia  and  c r a s s a). 


nsJB  Brtkotreplil* 

Found  in  the  shaly  partings  separating  the  thin  beds  of  the  lower 
Qinton  limestone  at  Niagara. 

Bytliotrephii  leiqaereoxi 
Grote  &  Pitt  (Fig.  26) 
(1876.  Buffalo  soc.  »at. 
sci.  Bui.  3*8,  4^0,  fig.  6) 

Distinguishing  characters. 
Flattened,  erect  stem;  sim- 
ple, sparingly  dichotomous 
branches,  3-4  mm  thick, 
gradually  widening  to  near- 
ly I  cm  at  the  very  obtuse 
or  round  truncate   point;  m.MByu»trephui«,ue«u. 
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smooth   surface;  brandies  mostly  simple  from  the  base  13-14  cin 
long. 

Found  in  the  cement  beds  of  the  Waterlinie,  Buffalo  (N.  Y.) 
(Grote  &  Piu) 

Genus  arthhophycub  Hall 

lEty.:  'W''^  a-  joint;  v^'^of,  a  seaweed] 

(1852.     Pal.  N.  y.  24) 

Stems  simple  or  dividing  at  the  beginning  and  remaining  simple 
thereafter:  rounded  or  subangular,  flexuous,  transversely  marked  by 
ridges  or  articulations, 

ArthrophycnB  barlani  (Conrad)  (Plate  16)  (1852.  Pol.  A'.V. 
2:5,  pi.  I  and  2) 

Distinguishing  characters.  Strong,  rounded  articulated  stems,  di- 
viding near  the  base  into  numerous  elongated  branches;  simple, 
flexible,  articulated  branches  which  diminish  in  size  vcrj-  gradually. 

Found  on  the  under  side  of  certain  sandstone  beds  in  the  upper 
part  of  llie  Medina  in  the  Niagara  section. 

Genus  nematophycub  Carruthcrs 
[Ely.:  >^;ia,  thread ;f>Dxaf,  seaweed] 

(1872.     Mouth,  micro,  four.) 

Considered  a  gigantic  alga,  with  cylindric  branching  stems,  and  a 
peculiar  structure  which  led  Dawson  to  refer  it  to  the  Coniferae 
under  the  name  Prototaxites.  What  resemble  concentric 
rings  of  growth  and  medullary  rays  appear;  cells  irregular,  cylindric, 
thick  walled.     The  specimens  are  generally  silicified. 

Nematophycus  crassus  (Penhallow)  (1896.  N  c  m  a  t  o  p  h  y  t  o  n 
crassum   Penhallow.    Can.  record  of  science.    July  1896,7:151-56, 

pi.  2) 

Disliiigiiishiiig  characters.  Section  showing  numerous  irregidar 
round  or  oval  medullary  spots;  large  cells  in  groups,  thick  walied. 

The  specimen  is  the  basal  portion  of  a  stock  showing  root  pro- 
cesses; length  56  cm,  diameter  at  upper  end  7.5  cm,  widening 
toward  base  to  16.5  cm. 

Foimd  in  the  Wanlius  limestone  of  North  Buffalo.     (F.  K.  Mixer) 


p 
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ANIMALS 

Class  HYDROZOA  Owen 

This  class  includes  the  simplest  polyps,  of  which  the  fresh-water 
Hydra  is  an  example.  The  body  consists  of  a  hollow  tube,  the  walls 
of  which  are  composed  of  two  cellular  layers,  ectoderm  and  endoderm, 
with  a  non-cellular  layer,  the  mesogloea,  between  them.  These  lay- 
ers meet  at  the  mouth,  which  is  the  only  opening  into  the  gastric 
space  inclosed  by  the  body  wall.  Tentacles,  furnished  with  nettle 
cells,  surround  the  moutli. 

A  few  hydroids  are  simple  forms,  but  the  majority  are  united  into 
colonies,  which  frequently  assume  a  branching  or  tree-like  char- 
acter, a  polyp  occupying  the  end  of  each  branch.  Reproduction  is 
usually  carried  on  by  specially  modified  polyps,  the  gonopolyps, 
which  produce  jellyfish  or  me(kisac.  These  may  remain  attached 
to  the  colony  or  become  free-swimming. 

Some  hydroids  are  entirely  unprotected,  no  hard  structures  being 
developed,  and  these  consequently  leave  no  remains.  The  majority 
of  species,  however,  secrete  a  horny  or  chitinous  covering,  the  peri- 
derm,  which  invests  the  whole  stock,  and  in  one  group  is  expanded 
at  the  ends  of  the  branches  into  cu])s  or  hydrothccac,  into  wliich  the 
polyps  can  withdraw.  This  chitinous  periderm  may  be  preserved 
in  the  form  of  a  carbonaceous  film  (e.  g.  Diet  y  one  m  a  and 
Grap  t  ol  i  t  e  s). 

Some  hydroid  colonies,  i.  e.  the  hydrocorallines,  secrete  at  the 
base  a  dense  calcareous  covering,  whicli  has  mucli  the  aspect  of 
coral,  and  is  frequently  mistaken  for  tliat  (e.  g.  Millepora, 
Stromatopora).  Most  hydroid  colonies  are  permanently  at- 
tached to  rocks,  seaweeds,  or  other  objects  of  support. 

Genus  dictyonema  11  all 

[Ety.:  oi'xTun-y^  iK*t  ;  vyjta,  thread] 

(1852.     J\iL  X.  y.  -2:174) 

Colony  forming  a  network  of  anastomosing  branches,  the  whole 
commonly  flattened  on  tlie  rock  surface,  but  originally  forming  a 
funnel  or  fan-shaped  expansion.  The  branches  proceed  from  a 
common  acute  base,  divide  frecjuently,  and  are  at  intervals  united 
again  by  transverse  dissepiments.  The  outer  surfaces  of  the 
branches  are  striated :  the  inner  bear  hydrothecae,  though  these  are 
seldom  seen  in  the  flattened  specimens. 

Diotyonema  retif orme  Hall.  (iMg.  27)  (1852.  Pal.  N.  V,  2:174, 
pi.  40F) 
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Distill i^uislwig  cliaraclcrs.  Form  circular  or  cup-sliaped  in  grow- 
ing state;  thin,  flat,  frequently  bifurcating  branches,  uniterl  laterally 
by  obliquely  transverse  filaments,  leaving  oblong  qiiadraiigular  in- 
terstices; indented  or  oblicmely  and  intermittently  striated  surfaces. 


Found  rarely  in  the  lower  part  of  the  Rochester  shales  in  the 
Niagara  section;  usually  fragmentary.  Almndant  at  Lockport  and 
elsewhere.     (Hall) 

Genus  stromatopora  Goldfuss 

[Ety.:  nrpib'ia,  A  covering;  -«;"..-,  a  pore] 

(1826.     Pclrcfacia  Ccriiianiac,  p.  22) 

Skeleton  forming  hemispheric,  globular  or  expanded  masses  com- 
posed of  numerous  concentric,  undulating  calcareous  laminae,  separ- 
ated by  interspaces,  and  connected  by  radial  pillars  which  unite 
with  the  thick  concentric  laminae  and  form  a  finely  reticulate  tissue, 
visible  in  cross-section.  Traversing  the  entire  mass  are  sparsely 
scattered  tubes  which  arc  divided  by  numerous  tabulae  or  horizontal 
floors,  and  were  occupied  by  the  larger  polyps  of  the  colony.  Base 
of  entire  skeleton  covered  by  af  wrinkled  "  epitheca  ". 

Stromatopora  concentrioa  Goldfuss  Hall  (Fig.  28)  (1852,  Pal. 
.V.  )'.  2:136.  pi.  ,17) 

Distiiiguishiiii^  cliaraclcrs.  Hemispheric  or  spheroidal  form  some- 
times irregular:  thin  concentric  laminae,  readily  visible  in  weatiicred 
specimens,  and  scarcely  of  the  thickness  of  writing  paper;  surface  of 
laminae  marked  by  fine  pores. 
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This  coralline  is  generally  very  massive  and  may  attain  a  diameter 
of  2  feet.     Probably  includes  a  number  of  distinct  species. 


■^ 


Found  at  Niagara  in  the  Lockport  limestone,  particularly  the 
geodiferous  beds,  and  generally  common  throughout  the  middle 
limestones.     Also  at  Lockport  and  ciscwJicre. 

Oass  ANTIIUZOA  Ehrenberg 

The  Anthozoa,  or  coral  polyps,  arc  marine  animals  ranging  from 
low  water  to  300  and  soiiictiiin;s  (.-vcn  1500  fathoms  (Zitte!).  The 
reef-building  types  Iiowcvlt  do  not  flourish  in  (k'pths  greater  than 
50  fathoms,  and  aru  generally  restricted  to  20  fathoms  or  less. 
Both  simple  and  colonial  forms  occur,  the  latter  predominating  at 
the  present  time,  while  the  former  were  ahu)i(lant  in  the  I'alcozoic. 
The  two  important  types  of  Paleozoic  corals  are  the  "rugose  corals" 
or  Tetracoralla,  and  the  tabulate  corals,  the  former  generally  simple, 
the  latter  colonial  types.' 

The  simple  rugose  coralluni  is  well  reprcsente<l  by  E  n  t  e  r  o  - 
las  ma.  It  consists  of  numcnms  ra<liating  sc/'la,  disposed  in 
several  cycles,  and  united  ronnd  their  outer  margins  by  a  wall  or 
Ikeca  (psaidolhcca).  This  is  formed  by  the  lateral  expansion  or 
thickening  of  the  septa  in  that  region.  T\\c  cxothecal  prolongations 
of  the  septa  are  visible  on  the  exterior  of  the  corrallnni  as  costae, 
which  are  frequently  represented  by  grooves  instead  of  ridges. 
These,  in  the  genus  referred  to,  as  well  as  in  others,  commonly 
show  the  peculiar  tctrameral  arrangement  characteristic  of  the  septa 
of  this  group.  On  or  near  the  convex  longitudinal  surface  of  the 
corallum  a  median,  or  "  cardinal  ",  septum  appears,  from  which  the 

*Af  no  true    Hexacoralla   occur  in  t!ic  formatinnR  treated  of  in  tlic^c 
o(  their  Rlniclure  is  omitted. 
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secondary  septa  pass  off  in  a  pinnate  manner  (fig.  29),  90°  toward 
either  side  occur  the  "  alar "  septa.  These  are  parallel^  to  the 
secondary  septa  which  brancli  off  from  the  cardinal  septum.  They 
have  a  single  series  of  secondary  septa  branching  off  from  them  on 
the  side  away  from  tlie  cardinal  quadrants.  The  two  remaining,  or 
counter  quadrants,  are  filled  with  parallel  sepia,  which  branch  off,  in 
a  pinnate  manner,  from  the  alar  septa,  and  are  completed  in  front 
by  the  counter  scf'tiim  to  which  they  are  all  parallel. 

One  of  the  four  "  primarj'  septa  " — commonly  the  cardinal  sep- 
tum— may  be  aborted,  leaving  a  groove  or  fussiila.  Between  the 
septa  various  endothecal  tissues  may  be  developed,  such  as  cross 
plates,  or  disscpwiaits  connecting  adjoining  septa;  tabulae,  or  floors 
more  or  less  completely  dividing  the  whole  inner  space,  irrespective 
of  tlie  septa;  and  cysts,  which  form  a  vesicular  tissue  more  or  less 
regularly  disposed  (Cystiphyllum).  The  cup  or  calyx  may  be 
limited  below  by  a  continuous  floor,  by  dissepiments  or  otherwise, 
or  it  may  be  limited  only  by  the  margins  of  the  septa,  the  spaces 
between  the  septa  being  open  to  the  bottom  of  the  corallum.  The 
costae  are  commonlv  covered  bv  a  concentrically  wrinkled  cpithcca^ 
which  forms  the  outermost  wall  of  the  corallum. 

In  colonial  forms  the  adjacent  corallites  commonly  become  pris- 
matic from  crowding.  The  separate  thccae  may  be  retained,  or 
they  may  become  obsolete,  the  corallites  becoming  confluent.  The 
epithecal  covering  in  these  forms  is  commonly  confined  to  the  free 
margins  of  the  outer  corallites,  and  surrounds  the  whole  colony  as 
a  perithcca. 

The  tabulate  corals  are  invariably  compound,  either  loosely  or 
compactly,  and  consist  of  tubidar  or  prismatic  corallites  com- 
monly with  thick  walls,  which  in  certain  groups  are  perforated  by 
mural  pores.  Septa  are  absent  or  but  slightly  developed,  sometimes 
being  represented  merely  by  vertical  ridges  or  rows  of  spines.  The 
number  is  usually  six  or  12.  The  corallites  are  crossed  by  numer- 
ous tabulae  which  cut  off  the  empty  portion  of  the  tube  below  the 
polypite.     Other  endothecal  structures  are  absent. 

The  reproduction  of  the  Anthozoa  is  both  sexual  and  asexual,  the 
latter  by  lateral  or  calycinal  budding,  or  by  fission. 

Genus  enterolasua  Simpson 
[Ety,:  hrtpm,  intestine;  Uaa.na,  lamella] 
(1900,     -V.  y.  stale  mus.  Bui  39,  p.  203) 
Corallum  simple,  turbinate  and  usually  straight.     Septa  numer- 
ous, those  of  the  earlier  cycles  reaching  nearly  to  the  center,  where 
they  have  projections  which  reach  to  the  center,  becoming  much 
involved  and  forming  a  pseudocolumella  of  very  peculiar  appear- 

'Parallel  as  seen  in  the  coslae. 
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ance,  somewhat  resembling  the  convolutions  of  the  intestine;  those 
of  the  last  cycles  short :  all  with  papillate  elevations  or  carinae  on 
the  sides,  giving  in  section  a  crcnulatc  or  cchinate  appearance.  Dis- 
sepiments present.     Epithcca  well  developed. 

Enteroluma  oalicolna  (Mall)  (l-'ig.  2())  S  t  r  e  p  t  e  1  a  s  ni  a 
caliculus   Hall     (1852.     I'al.  X.  T,  2:111,  pi.  ^2) 

Distin^iUbiu}i  characters,  'rnrhinalt,  oblitiue 
or  less  rapidly  espandins  form; 
moderately  deep  cup;  septa  20  to 
50,  separated  l>y  a  spaee  'if  twice 
their  width;  well  marked  eoslal 
■  grooves  which  lie  i)]>p()siti.-  Ixnli 
long  and  short  sei)ta:  relatively  thin 
and  smooth  epitheca.  "'      '"•^fia'"""'"!""'" 

Found  rarely  in  the  upper  Clinton  beds,  and  al>im<lantly  in  the 
lenses  of  limestone  in  the  Clinton,  the  lower  part  of  the  Rochester 
shales  and  the  Bryozoan  l)e<ls  of  these  shales.  Also  in  the  same 
shales  at  Lockport  and  farther  east. 

Genus  zAPHRENTis  Rafincsqiie 

(Ety.T  'ii.  many;  v7'^'^>  diaphragm] 

(182a.     Ann.  dcs  .in.  f'hys.  Itnix,  5:234) 

Corallum  simple,  conic  or  turbinate,  or  conico-cylindric,  with  a 
deep  calyx,  and  well  (leve!ope<l  .lejna.  the  primary  ones  reaching  to 
the  center.  Dissepiments  and  tabulae  uccur,  the  latter  usually  well 
developed.  A  deep  fossula  marks  (lie  abortion  of  one  of  the  four 
primary  septa.     Costae  and  a  thin  epitheca  occur. 

Zapbrentu  tnrbinftta  (I  [all)  (I'ig.  30).  P  o  1  y  <1  i  I  a  s  m  a  t  u  r  - 
binatum  Hall    {1852.    /'o/.  A".  F.  2:112.  pi.  32) 

Distinguishing  characUrs.  Form  variable,  usually  short  and  tur- 
binate; calyx  gradually  deepening  from  margin  halfway  to  the  center 
and  then  abruptly  descending,  almost  vertically  to  a  moderate  depth; 
alternate  septa  terminating  at  point  of  sudden  deepening  of  calyx, 
others  reaching  to  center;  dissepiments  slightly  developed. 

Found  in  the  Lockport  limestone  at  \iagara(?)  and  Lockport, 
when  it  occurs  a  few  feet  above  the  shale. 
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F(g.  30  SipbretKU  tarblDuta 


Tig.  n    DjmiboiilO'lliim 


Genus  cyathophyllum  Goklfuss 

[Ety.:  liafloj.  a  cup;     pi-iiw,  a  leaf  (.septum)  J 

(1826.     Pctrcfacta  Gcrmaniac,  p.  54} 

Corallum  normally  simple,  the  individuals  conic,  or  conico-cylin- 
clric.  Septa  well  developed,  radially  arranged,  the  larger  extending 
to  the  center,  where  ihey  are  twisted  into  a  pseudocolumella.  Ges- 
tae usually  obsolete.  Tabulae  present  but  only  in  the  center  of  the 
■visceral  chamber,  the  outer  area  being-  filled  with  vesicular  dissepi- 
ments.    Exterior  covered  with  an  epitlieca. 

Cyathophyllura  hydraulicum  Simpson.  {Fig.  31)  Grabau.  Geol. 
soc.  Am.  Bid.  11:364,  pi.  21,  fig.  la-d. 

Distinguishing  characters.  Simple,  conico-cylindric,  slender, 
sometimes  curved;  growth  irregular  with  abrupt  changes  in  direc- 
tion; strongly  costate  adult  portion;  non-costate  young;  well  de- 
veloped epitlieca,  which  often  shows  coarse  wrinkles;  calyx  some- 
what less  deep  than  its  diameter;  numerous  strong  thin  and  rather 
widely  separated  septa,  meeting  in  center  where  they  are  slightly 
twisted,  and  not  infrequently  uniting  before  they  reach  the  center; 
well  developed  dissepimcntal  structures. 

Found  abundantly  in  the  upper  Manlius  limestone  of  the  Niagara 
region,  but  only  as  external  molds  in  the  limestone.  Gutta  perclia 
casts  however  show  the  characters  well. 
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Genus  chonophyllum  Edwards  &  Haime 

[Ety.:x«w>9,  a  funnel;  (foAXuvy  a  leaf  (septum)  ] 

(1850.     British  fossil  corals,  p.  6g) 

Corallum  simple,  chiefly  consisting  of  a  scries  of  funnel-shaped 
tabulae^  set  one  into  the  other.  On  the  surfaces  of  these,  eciually 
developed  septal  radii  extend  from  center  to  circumference;  no  walls 
or  columella. 

Chonophyllniii  niagarense  1 1  all  (iMg.  32) 
<i852.    Pal  N,  y.  2:114,  pl-  3-) 

Distinguishing  characters.  Irrcj^^ularly 
cylindric,  elongated  or  subturhinatc  form, 
more  or  less  expanding  above:  deep  and 
regularly  concave  calyx:  thin  denticulate 
septal  ridges,  which  arc  separated  by  a 
space  equal  to  their  width;  rough  external 
surface  of  weathered  specimens. 

It:^! A.^    f-^         1  1       •       ii        1  if    with    onlurKi'iiu'iit  of   Interior  of 

Hitherto  found  only  m  the  lower  part  of  cuiyx 
the  Lockport  limestone  at  Lockport,  but  prt)bably  also  occuring  at 
Niagara. 


FiK.  S2  Chonophyllum  niafraronso 


Genus  DiPLOPHYLLUM  Hall 

[Ety.:  oi7:aoo^\  double:  v'^/./.ov,  septum] 

(1852.     J\iL  X.  )'.  2:115) 

Corallum  simple  and  branching,  or  forming  compound  masses  of 
loosely  aggregated  corallites  which  are  cylindric,  consisting  of  two 
distinct  parts  separated  by  an  accessory  wall,  the  inner  transversely 
septate,  the  outer  with  fine  transverse  dissepiments  uniting  the  septa 
which  are  continuous  to  the  center.  Calyxes  deeply  concave  in  the 
center,  and  separated  from  the  outer  portion  by  a  distinct  rim. 

Diplophylluin  cacspitosnm  Hall  (iMg.  33)  (1852.  Pal.  A'.  Y. 
2:116,  pi.  33) 

Distinguishing  characters.  Subturbinate  young,  and  cylindric 
adult  corallites,  which  coalesce  at  intervals  and  increase  by  lateral 
budding;  cespitose  or  aggregated  into  large  masses  which  often 
grow  from  a  single  base;  strongly  costate  exterior;  numerous  thin 
septa,  all  of  which  reach  the  center. 


Fomid  in  ihe  lower  part  of  the  Lockport  limestone  series  at  Lock- 
pon.  and  may  also  occur  at  Niagara. 

Genus  favobiteb  Lamarck 

[Ety. :  faviis,  honeycomb] 
(1816.     Hist,  cics  aniin.  sans  verl.  2  :204) 

Corallum  massive,  more  rarely  branching,  commonly  forming- 
heads  which  may  be  a  foot  or  more  in  diameter.  Corallites  pris- 
matic, thin,  in  contact  but  not  amalgamated  by  their  wails,  which  are 
perforated  by  equidistant  mural  pores  in  one  or  more  rows.  Septa 
rudimentary  or  obsolete.  Numerous  more  or  less  regular  tabulae 
divide  the  intrathecal  space.  Peritheca  present  on  the  under  side 
of  the  colony,  and  usually  strongly  wrinkled. 

Favosites  venustus  (Hall)'  (Fig.  34).  A  s  t  r  o  c  e  r  i  n  m  v  e  n  u  s- 
t  u  m   Hall     (1852.     Pai  X.  Y.  2:120,  pi.  34I 

Dislitiguisliiiig  characliTs.  Hemispheric  or  spheroidal  form,  be- 
ginning growth  on  other  bodies;  small  corallites  increasing  in  num- 
ber by  interstitial  addition;  12  ascending  septal  spines  between 
tabulae:  corallites  from  .9  lo  I  nnn  in  diameter;  heads  often  up  to 
2  or  3  feet  in  diameter. 

iiid  Lambc  as  synonyms  of 
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at  I  'I- 


w 


s  t  r  u  c  t  r  1  u  111   p  a  r  - 
:i22,    pi.    34)     Xot    !•■. 


Found  in  the  Lockport  linicsiDiK-  at  Lockpiirt  ami  Xia^ara,  often 
replaced  by  anliydritf  nr  ntluT  niatfrials. 

Faroaites  parasiticus  dlall)'  (Vln-  ,i5)- 
asit  i  c  u  ni  JIall  (185J.  I'lil.  .V.  )'. 
parasiltcus  I'liillips. 

Distiitguisliiiii^  ilutraclirs.  i  U'tiiisplu-ric 
or  spheroidal  coralla.  inck-pcndi-'nt  or  at- 
tached to,  or  cnvclopiii.ii  oiIkt  liodifs:  un- 
equal size  of  calyxi's.  wliidi  arc  sttllate 
from  septal  spines,  of  wliicli  then'  are  from 
12  to  24;  siibcircnlar  initline  of  some  ni  the  fik. as FnvMitm panuiticm 
lai^er  calyxes,  the  majority  hi-iiif;  aiimdar. 

Found  in  the  liryozoan  lied  of  the  Rochester  shales  in  the  Xiagara 
sections.  Also  in  the  lower  part  of  the  limestone  at  Lockport 
(Hall). 

PavoiiteB  pTriformis  (Hall)'  (I"ig-3'*)-  A  .'Jtr  o  c  c  r  i  u  ni  pyri- 
forme   Hail     (1852.     I'al.  X.  V.  2:123,  !»'■  34^^) 

Distinguishing  chciruch-rx.  Irref;ularly  suhturbinatc,  pyriforni  or 
spheroidal  form  of  coralluni;  coralHtcs  radiating  from  a  more  or 
less  extended  base,  spreading  out  above  and  rapidly  increasing  in 
number  by  interstitial  addition;  calyxes  varying  from  triangular  to 

;  and   Lambc  as   synonyms  of 
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hexagonal,  not  rounded  and  varying  in  size  according  to  age  of 
individual;  septal  spines  in  one  or  more  rows. 


Found  in  the  Rochester  shale  and  Lock-port  limestone  at  Lock- 
port  (Hall).     Probably  occurs  also  at  Niagara. 

.  ,.g^  PavoBitea  DoiiBtriotiis  (Hall)  (Fig.  37).  A  s- 

^K^k  ^^W  troceriuni  c  o  11  s  t  r  i  c  t  um  HalUl8S2. 


j'r.  I  Dhtingiihhiug 


^ff^iffi      ^T^fl  hemispheric  form;  minute  corallites  which 

.*#,••/■       'U^  appear  constricted  at  intervals;  calyxes  ap- 

Fi»t.«F»vo»it»iconmrictus;      pear  Stellate, 
"iji'i"''"^ *""""""  "'  ""'  Found  in  the  Rochester  shale  at  Lock- 

port  and  other  places  (Hall).     Probably  also  at  Xiai^ara. 

Favosites  niagarenais  Hall  (Fig.  38)  (1S52.  !'aL  .V.  1'.  2:125. 
pi.  34A) 

Distiiigitishiiig  characlcrs.  Spheroidal  to  irregular  form,  rapidly 
increasing;  in  size  by  interstitial  addition  of  corallites:  thin  walled 
corallites  with  mural  pores  in  double  rows:  tabulae  often  oblique 
or  bent  downward;  calyxes  varying  in  size  with  varying  age  of  in- 
dividual; septal  spines  obsolete. 

Foimd  in  the  Lockport  limestone  at  Xiagara  and  Lockport. 
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Genus  HALYsiTEs  l*"isc!uT 

[Kty.:.l/.-.c..^.  chmn] 

(1813.     Zoo'^iwsia.     ,vl  i''!.     t.  1,  p.  ^f>.7) 

Corallum  formiiip  a  cliisliTi'd  ami  nticulati'il  mass,  composed  of 
long  tubular,  cylindric  or  ci>iii])rt'ss('(l  L-orallitcs,  which  arc  placed 
side  by  side  in  intersectintj  ami  anasumiosiuf;  laminae  or  linos,  any 
given  corallite  beinfj  united  alonj;  its  whole  lenj^tli  with  its  neigh- 
bors to  the  riglit  ami  left,  and  each  lamina  of  the  corailuni  con- 
sisting of  no  more  than  a  single  linear  series  of  tubes.  Walls  of  the 
corallites  strong  anil  without  pores,  the  free  portions  covered  by  a 
continuous  thick  cpitheca  showing'  lines  of  growth.  Small  coral- 
lites often  alternate  with  the  larger  ones.  SejUa  obsolete  or  repre- 
sented by  vertical  rows  of  spines  in  cycles  of  12.  Tabulae  well 
developed,  complete  and  simple,  more  iiuinerous  in  the  smaller 
corallites. 

HalTiites  catenalatus  (l.inn.)  d'ig.  .59).  Calcnii>ora  es- 
charoides  (LamarelO  Hall     (,1852.     I'ol.  .V.  1'.  2:127.  !>'■  35) 
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Distinguishing  characters.  Corallites  in  juxtaposition  or  separated 
by   cellular  interspaces;  larg^   meshes   of  the   network   irregular, 

greatly  varying  in  size;  corallites  oval  in  cross- sect  ion,  united  by 
their  narrower  sides;  epitheca  with  fine  lines  of  growth  and  occa- 
sionally strong  wrinkles. 

Found  in  the  Lock  port  limestone  at  Lock  port  (Hall),  and 
Niagara.  When  silicified,  the  coral  may  be  well  preserved,  but 
otherwise  it  is  usually  almost  destroyed  or  replaced  by  various 
minerals. 

Genus  HEL10LIT&3  Guettard 

[Ety.:i(-lH»f,  the  sun;  XiOoj,  a  stone] 

(1770.     Mejii.  3HS4) 

Coralhim  spheroidal,  pyriform,  hemispheric,  or  rarely  ramose. 
CoraUites  (niacrocorallites)  cylindric,  comparatively  few  in  number 


and  furnished  with  12  lamellar  infoklings  of  the  wall,  or  pseudo- 
septa.  Smaller  corallites  (microcorallites)  completely  investing  the 
larger  ones,  more  or  less  regularly  polygonal  in  form,  with  distinct 
wails,  completely  amalgamated  with  one  another  and  with  the  walls 
of  the  larger  corallites.  Mural  pores  absent.  Both  kinds  of  coral- 
Htes  with  tabulae,  most  numerous  in  the  smaller  corallites.  Base 
of  coralhim  covered  by  a  peritheca  showing  lines  of  growth. 
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Heliolitet  elegani  Hall  {Fig.  40)  {1852.  Pai.  N.  Y.  2:130,  pi. 
36) 

Distinguishing  characters.  Hemispheric  form  of  coralJum,  which 
increases  in  size  by  lateral  rather  than  interstitial  addition;  from  16 
to  18  larger  calyxes  to  the  inch;  pseudosepta  reaching  halfway  to 
the  center;  microcorallites  generally  appearing  solid;  macrocorallites 
often  standing  out  in  relief  in  weathered  specimens  and  having  a 
stellate  appearance. 

Found  in  the  lower  part  of  the  Lock-port  limestone  at  Lockport 
{Hall}.     May  occur  also  at  Xiagara. 

Heliolites  apiniporua  Hall  (Fig.  41)  {1^32.  I'al.  X.  V.  2:131, 
Pl-  34) 

Distinguishing  characters.  Turbinate,  pyriforni,  honiisphcric  or 
Spheroidal   form   of  coralluni;   divergent   coralhtcs.   increasing   in 


Wim 


number  by  interstitial  addition;  circular  macrocorallites  with  12 
pseudosepta,  which  extend  only  part  way  to  the  center;  irregular 
or  interrupted  tabulae  which  often  appear  spiniforni  in  section; 
microcorallites  in  one  or  more  series,  angular  and  tabulate. 

Found  in  the  lower  part  of  the  Lockport  limestone  at  Lockport 
(Hall).     Probably  also  at  Niagara. 
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Heliolites    pTriformis    Guettard    (Fig.    42)     {Hall.     1852.     Pal. 

N.  y.  2:133,  pi.  36A) 

Distinguishing  characters.     Macrocorallites  larger  than  preceding, 
and  generally  more  widely  separated;  mostly  several  series  of  niicro- 


Flg.  43  HelloUleB  prrltornilB 

corallites,  though  they  may  sometimes  be  absent    when    macro- 
corallites are  in  contact;  short  pseudosepta. 

Found  commonly  in  the  lower  Lockport  limestone  at  Lockport 
(Hall).     Probably  also  at  Niagara. 


Genus  ci.aj>ijpo 

R»   Hall 

[Ety.:  it/d.J"i-,  twig; 

-"/"•V-,  pore; 

(1852.     Pal.  X.  1 

'•2:137) 

Corallum  branching  or  reticulate;  branches  cylindric  or  slightly 
compressed  with  terete  terminations.  Corallites  small,  radiating 
equally  on  ail  sides  from  the  axis,  and  opening  on  the  surface  in 
rounded  or  subangular  expanded  calyxes,  which  are  generally  con- 
tiguous, and  apparently  destitute  of  septa. 

Cladopora  seriata  Hall    (Fig.  43)    (1852.     Pal.  .V.  K.  2:137,  P'-  38) 

Distinguishing  characters.     Xearly  parallel,  rather  closely  crowded 

branches,    forming    a    glomerate    mass,    the    branches   sometimes 
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bifurcating;  closely  arranged  corallites,  gradually  enlarging  toward 
the  surface  of  the  branches.  Calyxes  in  alternating  series  each  mar- 
gined on  the  lower  side  by  a  projecting  circular  lip. 


"4   ^§i 


Found  in  the  lower  part  of  tlie  Lockport  linicslonc  at  Lockport 
(Hall),  and  in  tliu  Itryuzrian  bt'd  of  tlu'  Kofliester  slialc  at  Xiagara. 
Cladopora  multipora   Hall  (l-i),'.   441     (185J.     I'al    X.   Y.  2:140, 
pl-  39) 

l)isliii^i;itii-liin}^  characters.     Ra- 

nujSL'     iir     irregularly     rt-liculate 

funii,    with    till'   brandies    often 

cNti'ndiiig  beyon'l  the  last  point 

of  junction  and  ending  in  terete 

extremities:  numerous  closely  ar- 

vie. u  cia.10110™  .uuiii(>..rn.  wi.h  .uiurK,-,,,,  „i»  raugcd      corallites.      which      are 

slightly  oblique  to  llie  axis;  calyxes  subangular  or  circular,  from  48 

to  60  in  the  space  of  an  inch. 

Found  in  the  lower  part  of  the  Lockport  limestone  at  Lockport 
(Hall).     Probabiy  occurs  also  at  Xiagara. 

Genus   striatopora  Hall 

[Ety.:  striatiis,  striated;  [•oriis,  pore] 

(1852.     Pal.  N.  y.  2:156) 

Corallum   dendroid,   forming  simple   dividing,   cylindric   stems. 

Corallites  essentially  polygonal,  <liverging  from  an  imaginary  central 

axis,  their  walls  greatly  thickened  by  a  secondary  deposh  of  cal- 


in  amount 
of  oiciilaT  apenures  siir- 
the  Agkm-  of  which 
Scpul  spines  in  vertical 
vqilcly  separated,  but  ex- 
camparxdvely  numerous, 


'All      H^  ^6i*    (ifis*.    Pal.  -V.  r.  2:156, 


or    iiregularly    ramose 

■  —^   yntKha:  caljTtes  circular,   sur- 

is.  it«Nrs*«al  in  outline  and  bounded 

-  ixAx  «  WmtT  part  of  polygonal  cell, 

•^MlMmtif  vpK'srd  in  the  sorrounding 


iln;  fctryoioan  bed  of  tlic 
,;i  tt^siwherod  out.     Also  ii 


Rocliestcr 
I  the  same 


.  ^V^ 


i.HL^KA  > 


I  lliicli 


K^''  vlMWl  marine  invertebrates  which 
^lvvvi.4i;  viwH-.     Most  of  them  lived  during 

-Ufc-v.  f>ut  Cambric  and  Carbonic  forms 
«>\iv   iiKs^iK    siemined  organisms  with   a 

■-Kv  il".-  vniu>i,ls,  but  a  few  of  ihem  were 
.  ,;i  i.tiivw  in  form,  is  composed  nf  l)oly- 

■  iiuJ  K*  vU'se  stiltin-s.  The  plates  vary 
,,u.v.  ii'.'t"  l,t  to  several  Imndred,  and  only 
m^iilro    ^tn  i(Uj;vment.     A    radial    arranfjc- 

■'l  i'H'  VAiHoidca  occurs  rarely,  and  the 


\ 
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side  plates  pass  insensibly  into  the  plates  of  the  ventral  (upper)  side. 
In  the  center  of  the  dorsal  side,  however,  a  regular  series  of  basal 
plates  exists,  which  rest  on  the  stem  or  column. 

The  mouth  is  indicated  by  a  central  or  subcentral  aperture  on 
the  upper  (ventral)  surface,  and  is  sometimes  covered  by  small 
plates.  From  it  radiate  from  two  to  five  simple  or  branching 
ambulacral  grooves,  which  are  also  frequently  roofed  over  by  plates. 
The  anal  opcfiing  is  situated  eccentrically  and  frequently  closed  by 
a  valvular  pyramid. 

The  calyx  plates  in  most  cystoids  are  perforated  by  pores  or  fis- 
sures. These  are  often  arranged  to  form  lozenge-shaped  or  rhombic 
figures,  the  pore  rhombs,  which  are  disposed  one  half  on  each  of  two 
adjoining  plates,  while  the  line  of  suture  between  the  plates  forms 
either  the  longer  or  the  shorter  diagonal  of  the  rhomb.  The 
pores  of  opposite  sides  of  the  rhomb  are  united  by  perfectly  closed, 
straight  ducts,  which  pass  horizontally  across  the  line  of  suture, 
and  produce  a  transversely  striated  appearance  ( C  a  r  y  o  - 
c  r  i  n  u  s  ,  fig.  46).  These  striate  rhombs  are  generally  visible  only 
in  weathered  specimens.  They  may  be  present  on  all  plates  or  only 
on  a  few.  In  Callocystites  and  other  related  genera,  the 
pore  rhombs  are  reduced  to  pectinated  rhombs y  which  are  few  in 
number,  and  each  separated  into  two  distinct  parts,  lying  on  con- 
tiguous plates  (fig.  47).  These  structures  have  probably  a  respir- 
atory function. 

The  arms  are  feebly  developed  in  the  cystoids  and  often  but  few 
in  number.  They  are  simple,  consisting  of  a  single  (uniserial)  or 
a  double  (biserial)  row  of  plates,  and  possess  a  ventral  groove, 
protected  by  covering  plates. 

Genus   caryocrinus  Say 

[Ety. :  xdpunv f  a  nut;  xpivov^  hly] 

(1825.     Acad,  nat,  sci,  Phil  Jour,  4:289) 

Calyx  composed  of  a  moderate  number  of  plates  arranged  in  a 
hexamerous  manner,  and  with  the  base  composed  of  two  cycles 
of  plates  (dicyclic).  Lowest  (infrabasals)  four,  unequal;  followed 
by  a  second  row  of  six  basals,  which  alternate  in  position  with 
those  of  the  preceding  and  succeeding  cycles.  Third  cycle  of  eight 
plates  of  which  six  are  regarded  as  radials,  the  others  as  interradials 
(Carpenter).  Ventral  surface  formed  of  six  or  more  small  pieces. 
All  plates  of  the  calyx  furnished  with  pore-rhombs;  the  summit 
plates  without  perforations.  Mouth  and  ambulacral  grooves  below 
the  ventral  plates  or  tepnen.  Anal  opening  protected  by  a  valvular 
pyramid,  and  situated  on  the  outer  margin  of  the  ventral  surface. 
Arms,  6  to  13  in  number,  situated  on  the  ventral  margin,  and 
relatively  feeble.     Stem  long,  composed  of  cylindric  segments. 
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Caryocrintu  cmatu  Say  (Fig.  46)  (Hall.  1852.  Pal.  .V.  ¥. 
2:216,  pi.  -jf)  and  49A) 

Distinguishing  characters.  Stem  of  larger  and  smaller  joints  alter- 
nating near  the  calyx;  edges  of  joints  thin  at:d  sharp,  sometimes 
slightly  crenulated  or  denticulated:  articulating  surface  radiately 
striate  halfway  to  the  center:  canal  round:  calyx  ovoid  to  sub- 
globose,  the  greatest  diameter  usually  below  the  middle;  summit 


slightly  convex  with  arms  sometimes  several  inches  long;  jpper 
margins  of  radial  and  interradial  plates  indented  for  the  arm  plates. 
Mural  pores  represented  on  the  exterior  of  the  plates  by  single  or 
double  rows  of  tubercles  radiating  from  the  centers  of  the  plates  to 
their  angles;  between  these  are  numerous  rows  of  smaller  tubercles 
parallel  to  the  sides  of  the  plates. 
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Found  in  the  Rochester  shale  at  Niagara,  Lockport  and  other 
places.  Often  very  abundant.  At  Niagara  it  has  been  found  as 
low  as  4  feet  above  the  Clinton  limestone,  and  from  that  upward 
as  far  as  the  Bryozoa  beds,  in  which  it  occurs  in  moderate  abun- 
dance. It  has  not  been  found  above  these  beds.  It  occurs  chiefly 
in  the  calcareous  layers  of  the  shale,  from  which  it  weathers  out, 
the  nut-like  calyxes  rolling  to  the  bottom  of  the  section  where  they 
can  be  picked  up  by  the  side  of  the  railroad  track. ^ 

Genus  CALL.OCVBT1TES  Hall 

[Ety.:  *«**.!»•,  beauty;  ^/wrt,',  bladiier] 

(1H52.     l-ol.W  )-.  2:238) 


Calyx  composed  of  large  j)iate 
and  having  four  pectinaled  rliom 
stand  on  contiguous  plalcs  and 
are  separated  by  an  iiilen'al. 
Mouth  slit-like,  and  forming  tlie 
center  of  radiation  tor  Iwo  to  five 
pinnulated  arms,  which  some- 
times bifurcate,  and  are  pro- 
tected by  covering  |iieccs,  and 
either  repose  on  the  calyx  or 
arc  sunk  below  the  surface  in 
grooves.  Stem  well  dcvc!o])ed 
tapering  down  to  a  jjoint. 

CallocyrtitM  jewetti  Hall  (iMg. 
47)  (1852.  Pal.  X.  v.  2:239, 
Pl-  50) 

Distinsi'lshiiii;  cluiraclcrs.  Ob- 
long ovoid,  nearly  synunetric 
form;  base  of  four  jilates,  one 
bearing  part  of  pectinated  rhomb ; 
eight  plates  in  second  cycle;  anal 
aperture  between  secon<l  and 
third    cycle,    excavated    in    two 


arrang 


plates  of  the  former  .lud  one  of 


the  latter:  surface  of  plates  ornamented  by  polygonal  (iei>ressions. 
having  a  more  or  less  defined  border  and  granulose  surface. 

'Specimens  of  this  "  crinoid  " 
watchman  on  tlie  middle  scctiot 
the  gorge,  at  a  moderate  price. 


^Miiul  rn  The  Rmrhe9tKr<feafa;jcL8AgaRt.Kifl^ 
iHMifs  if  pJBK4  naV9  Item  otminBtt  mm>  Ae  i 
IkdofcoteT  «hale  in  ttx;  \tagar»  ipvve. 

Cfaw  CIU3IOn>eA  Mffler 

ThiF  rrid'tiriii.  or  fe»  Kea,  are  b 
in  ihe  nvolcrn  teas  hy  a  Maber  off geneta  aai  ^f:  - .  ige 

irim  *h»lliyw  waiter  M  a  maxoniBa  depA  sf  a^  <  ns. 

Th«7  sut  gtefptnom  m  habcc.  xbA  asmBr  «f  ver  un. 

A  fypMrat  criiKMrf  ^ Anmts  of  a  rlorstf  cttp  or  arfy.-'  aifr 

^iT  «i«m.  by  mean*  cA  wtitcfi  it  »  anacfcgrf.  and  bear '  «Lf . 

v;iriow(Iy  dr-vt^rt  and  ftimufinl  wilb  joiiitcJ  a;::  'ik- 

miks.     The  calyT  U  cocnpoani  oj  a  Bnoihg-  of  pLa:   :  .  «  a 

/Wlnrt*  sttTimfitmeot,  m  horizontaliy  disposed  s*r-.es  \ng.  5l>  .  The 
kW4(  tA  lhe««  ar«  the  hatali.  though  tn  manv  a:wte$  an  3-:l>i:t: onal 
Mries,  ihe  infraboiaU,  may  underlie  and  alicmate  witfa  che  boials. 
Ntxt  sbcive  the  ffataU.  and  ahcmatn^  whh  them  in  position,  are 
rhe  radiaU,  five  in  nirmher.  «<>  called  becaiue  they  are  in  line  with 
(he  rays  nr  arms.  Referring  the  position  o(  the  inferior  plates  to 
that  of  ihe  radiaU,  we  find  that  the  baaals  arc  always  situate^!  .^i*^- 
radtaily.  white  (he  infrabasal  arc  situated  radially.  Ab-j<.e  the 
nti'mh  lie  Ihc  bradtiaU.  These  vary  greatly  in  number  and  kind. 
*onictirne»  ankiitating  directly  with  the  radiab.  in  which  cast  all 
the  brachials  are  free,  and  sontctimcs  ha^Hng  Iheir  lower  series  ti_ted 
aird  iiJtfiiMval.lc,  tfiin  ffjrmins  a  part  of  the  calyx.  Tlie  brachials 
lyiiiK  directly  on  the  radials  are  the  coslah;  of  these  there  may  be 
oiif  or  more  scries,  when  they  are  distinguished  from  below  as 
(•yiniiiry  (cost.'),  secondary  fcost.'),  etc.  The  uppermost  costal  of 
cncli  ray  is  coitimrmly  axillary,  i.  c.  pentagonal  in  outline,  with  two 
nppiT  joint  t'dgfs  inclined  from  each  other.  On  these  rest  the 
ilisliiluils,  of  which  (here  arc  lo  in  each  scries.  Secondary  distichals 
idrst.')  may  rest  on  the  nriniary  ones  (disl.^),  and  may  in  turn  sup- 
pori  the  ('(ihiiiirs,  of  which  there  would  he  20  in  a  normal  series. 
Above  (hcic,  on  farther  division,  are  the  post- palmar s,  which  are 
iifk'n  very  runnernus.  Two  types  of  arms  can  be  distinguished, 
ihiisi'  i-r)m|Hiscd  throughout  of  one  series  of  plates  (uniserial),  and 
thiiKc  rnnilc  u]i  of  a  double  series  (biscrial),  the  plates  of  the  latter 
u'iiiiilly  irUrlncking  to  a  greater  or  loss  extent.  The  latter  arc  the 
ni'ire  speeiali;^ed,  always  beginning  uniserially. 

I'leiween  tlie  radJais  are  often  found  additional  plates,  the  inter- 
ni.li.ils.  \\hi.-Innay  vary  inmmdKT. 

lieHveen  the  disliehals  of  one  ray  may  occur  ihc  uilcrdistichals, 
whi.li  are  situated  riulinlty.  Between  the  <listiclials  of  adjacent  rays 
mm  oiiiu-  the  iiiti-ti'riiiliiols.  and  these  will  be  situated  iiiUrriulUjlly. 
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An  anal  interradius  is  present  in  unsymmetric  forms.  The  tcgmcn 
forms  the  cover,  or  ventral  part  of  the  calyx,  and  is  composed  of 
plates  either  closely  ankylosed.  or  held  together  by  a  leathery 
membrane.  In  the  Paleozoic  Camerata  the  plates  of  the  ventral 
disk  fit  closely  and  they  are  considerably  thickened,  forming  a  very 
rigid,  more  or  less  convex  vault,  from  which  may  rise  the  plated 
anal  proboscis. 

The  mouth  of  Paleozoic  camcratc  crinoids  lies  beneath  the  tcg- 
men,  the  only  external  opening  l)eing  that  of  the  anus.  From  the 
mouthy  radiating  grooves  or  canals  commonly  pass  outward  to  the 
arms,  in  which  they  arc  continued.  These  are  the  ambulacral 
grooves,  along  which  the  food,  caught  on  the  arms,  is  conveyed 
to  the  central  mouth.  These  grooves  may  be  open  or  covered  by 
plates.     Within  the  cavity  of  the  calyx  are  the  viscera. 

The  stalk,  or  stnUy  is  conij)()sc(l  of  a  varying  number  of  joints, 
which  are  circular,  elliptic  or  angular  in  cross-section  (fig.  52). 
The  joint  nearest  to  the  calyx  is  the  last  formed  except  in  the 
Flexibilia.  Frecjuently  a  certain  number  of  the  joints  bear  root- 
like extensions  or  cirri.  The  stem  and  cirri  are  pierced  by  an  axial 
canal,  round  or  pentagonal  in  cross-section.  The  stem  was  in  most 
cases  attached  i)y  a  root.  Some  crinoids  were  without  a  stem,  hav- 
ing been  attached  by  the  base  directly  oi"  more  rarely  being  free- 
swimming  organisms. 

Order  lakvikokmi^v  Wachsmuth  &  Si)ringer 
(lenus  STEPHANOCRiNus  Courad 

[Ety.  (Tzi<fa\fosi,  a  crown:  xfti^ov,  a  lily] 

(1842.     .'/("(/(/.  nat.  sci.  riiil.  Jour.  8:278) 

Calyx  cup-shaped,  composed  of  three  elongate  basals,  five  radials, 
and  five  interradials.  Radials  deeply  forked;  the  prongs  formed  by 
the  margins  of  two  continuous  radials  extending  upward  between 
the  arms,  and  building,  together  with  the  interradials,  a  row  of  five 
pyramids,  near  the  siunmit  of  one  of  which  is  situated  the  anal 
aperture.  Radial  incisions  occupied  by  the  ambulacral  grooves, 
which  are  roofed  over  by  two  rows  of  covering  pieces;  those  of  the 
same  row  closely  ankylosed.  L'irst  costals  semilunate,  and  resting 
within  a  horseshoe-Hke  concavity  near  the  outer  end  of  the  radial 
incisions.  Tegmen  constituted  of  five  large  triangidar  oral  plates. 
Arms  very  short,^  composed  of  about  lo  pieces,  all  of  which  are 
axillary  and  give  oflf  side  arms.     The  latter  are  biserial,  non-pitmu- 


*  Generally  wanting  in  the  wcathered-out   specimens. 


late,  and  are  made  up  of  long,  strongly  cuneifomi  joints.  Stem 
consisting  of  circular  joints  pierced  by  a  circular  axial  canal. 

Stephanooriniu  ai^rolatni  Conrad  (Fig.  48)  (HalL  1852.  Pal. 
N.  F.  2:212,  pi.  48,  83) 

Dislinguisking  characters.  Thick,  equal  stem  joints,  with  crenu- 
lated,  articulating  margins,  and  minute  round  canal;  form  of  calyx 


_> 


reverse  pyramidal,  gradually  spreading  from  a  triangular  base  up- 
ward: sutures  scarcely  visible:  ihrce  basals,  one  pentagonal  and  two 
bcptagonal;  radials  hexagonal  with  short  cxcavatud  upper  side:  in- 
terradials  broad  below,  contracting  upward  to  form  the  coronal 
points;  strong  and  angidar  carinae,  six  of  which  alternately  con- 
verge upward  and  downward,  while  two  others,  somewhat  stronger, 
extend  from  the  bases  of  the  iieptagonal  basals  to  the  summit  of  the 
radials  innucdialcly  succeeding:  elevated  lubcrcitlated  striae  of  the 
plales  which  extend  transversely,  vertically  or  obliquely  on  different 
pans  of  the  calyx ;  surface  soniciimcs  merely  tuberculated. 

Found  in  certain  thin  calcareous  layers  of  the  lower  Rochester 
shale  at  Xiagiira.  sometimes  quite  abundantly.  Also  in  the  same 
shait  at  Lock|)ort  (Ilalll.  The  crinoid  is  generally  much  lighter  in 
color  ihan  ihc  inclosing  rock,  and  is  easily  distinguished.  Associated 


\^  ^  •  a»  m '        '^"''  ''I'B'i'ly  coiitraclcd  toward  llu"  s 
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with  Eucalyptocrinus  fragments  and  other  crinoids,  as  well 

as  other  fossils. 
Stephanocruiiu  gemmifonnis  Hall    (Fig.  49)    (1S52.    Pal.  X.  V. 

2:215,  pi.  48) 

Distiiiiiuisliiii};  characters.       Sharply 
A^A  ^  -A^  triangular     base :     rapidly     enlarging 

\^        ^^'tf^'  —      calvx.   which   is  rotund  in  the  middle 

«       >--?>  ^ 

Hg, »8t»phBnocrinii»  gcmmKonni..  caHnatc  siiffacf  iif  platt'Si  sliglitlv  con- 

*"""'  ™"  viTgiiig  ciiroiial  prticcsses. 

Found  in  the  Rochester  shale  al  I.nckpnrt  (Hall).     Probably  also 
at  Niagara. 

Order  ca7viki*-\t-\  Wai-bsmuth  &  Springer 

(ienus  THVSANOCRiNua  liall 

[Ety.:  /W.W.  (nnge:  .,,/..,>,  lily] 

(1852.     /,(/.  .V.  r.  2:iXSi 

Calyx   deep,   with    a  dicyclic    base.      Infrabasals    and    basals   five 

generally  be.xagimal.   Kadials 


nit,     I'piier  margin  of  radials  scarcely 
lepressed  or  excavated:  granular  non- 


-five,  hexagonal,  laterally  in  contact,  except  at  the  azygons  side,  where 
they  are  separated  by  an  anal  plate  which  is  succeeded  by  three  in- 
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terradial  plates.  Lower  brachials  forming  a  part  of  the  calyx;  cost.^ 
hexagonal,  cost.*  pentagonal,  axillary  bearing  the  distichals.  In- 
terradials  lying  chiefly  between  the  costals.  Arms  lO  to  20,  biseriaL 
Stem  round, 

ThysanocrinuB  liliifonni*  Hall    (Fig.  50)    (1852.   Pal.  N.  Y.  2 -.iSS^ 
pi.  42) 

Disliiignishing  characters.  Surface  of  plates  ornamented  by  verti- 
cal or  radiating,  interrupted  or  crenulated,  sharp,  elevated  striae; 
small  infrabasals,  large  basals  and  still  larger  radials;  three  distichals 
in  each  of  the  10  arms,  the  lowest  large  and  hexagonal,  the  others 
cuneiform,  followed  by  the  biserial  upper  arm  plates;  stem  joints 
round  and  alternatingly  thin  and 
thick,  most  irregular  near  the 
base  of  the  calyx. 

Found  so  far  only  in  the 
Rochester  shale  at  Lockport 
(Hall),  but  may  also  occur  at 
Niagara. 

Genus   lyriocrinus  Hall 

[Ety  :  iupion,  small  lyre;  :</)(Vov, lily] 
(1852.    Pal.N.  K.  2;i97) 
Calyx  depressed,  with  a  dicy- 
clic  base.     Infrabasals  five;  ba- 
sals five,  pentagonal,  truncated 
at  the  upper  end.     Radials  sepa- 
rated all  around  by  large  inter- 
radials,    which    scarcely    differ 
from  the  anal  interradius.     Anal 
aperture  eccentric.     Plates  of  the 
calyx   smooth  or  finely   granu- 
iose.     Tegmen  almost  flat,  com- 
Ftg.  51  LjTiocriniia  dBcijHn  poscd  of  3  large  number  of  small 

plates.     Arms  lo,  strong,  simple  and  biserial.     Stem  round. 

Lyriocrinus  dactylus  Hall     (Fig.  51)     (1852.     Pal.  N.  V.  2:197,. 

pl -44) 

Distinguishing  characters.     Stem   near  the   calyx  of  alternating 
larger  and  smaller  joints,  the  larger  projecting  much  beyond  the. 


NIAGARA    FALLS    AND    VICINITY 


157 


•i 


m 


smaller  ones;  calyx  plates  finely  ornamented  by  granules,  which 
become  elongated  near  the  margins  of  the  plates;  two  simple  disti- 
chals  in  each  arm,  abruptly  followed  by 
the  biserial  arm  plates. 

Found  in  the  talus  of  the  weathered 
Rochester  shale  above  Lewiston,  prob- 
ably from  the  thin  calcareous  beds 
of  the  lower  part  of  the  shale.  Also 
in  the  same  shale  at  Lockport  (Hall). 

Glyptocrinns  plumosus  Hall  iFic^. 
52)     (1852.    Pal,  .V.  F.  2:180,  pi.  A41) 

Under  this  name  Hall  has  figured 
and  described  fragments  of  the  stem 
and  arms  of  a  crinoid  from  the  Clin-  pfinuiMai^sSmSSth^iSTnEw 

Hiem  Joints 

ton  beds  of  western  New  York,  which 

he  states  is  extremely  rare  at  Niagara,  but  often  common  farther 
east.  The  characteristics  of  these  fragments  are  shown  in  the  illus- 
trations here  reproduced. 


Genus  eucalyptocrinus  Goldfuss 

[Ety.:  ey,  well;   xa/^rretv,  cover;  x//{'yov ,  lily] 

(1826.    Petre facta  Gcrmaniac,  p.  212) 

Calyx  with  a  deep  concavity  at  the  lower  end,  of  which  the 
monocyclic  base  forms  the  bottom.  Calycinal  plates  having 
throughout  a  pentameral  arrangement,  except  the  basals,  which  are 
only  four  in  number.  Radials  in  contact  all  around,  costals  2x5, 
distichals  2  x  10,  and  above  these  the  palmars  in  cycles  of  20,  and  of 
small  size.  There  are  1x5  large  interradials,  above  which  are  two 
narrow  and  elongate  interbrachials  placed  side  by  side.  Between 
the  distichals  is  in  each  ray  one  interdistichal,  which  has  nearly  the 
form  and  size  of  the  two  interbrachials  combined.  On  the  inter- 
brachials and  interdistichals  and  the  tegmen  rest  10  partitions,  which 
extend  upward  and  form  compartments  which  contain  two  arms 
each.  Arms  biserial,  composed  of  very  narrow  pieces.  A  proboscis 
surmounts  the  tegmen  and  projects  above  the  arms.     Stem  round. 

Eucalyptocrinus  decorus  (Phillips)    (Fig.  53)    (Hall.     1852.    Pal. 

N.       Y.      2:207  y      pi.      47) 

Distinguishing  characters.  Stem  consisting  of  alternating  thicker 
and  thinner  joints,  the  former  wider  than  the  latter,  with  rounded 
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edges;  two  or  ihree  thin  joints  between  thick  ones;  articulating  sur- 
faces of  joints  deeply  striated  radially  from  margin  nearly  to  the 
canal;  canal  pentapeCalous ;  calyx  subcylindric  or  ovoid,  gradually 
enlarging  from  base  upward  to  coinmencement  of  arms,  then  dimin- 
ishing: summit  contracted:  surface  of  plates  generally  smooth. 


J 


Found  in  the  lenses  of  limestone  in  the  upper  Clinton  and  in  the 
calcareous  beds  of  the  lower  Rochester  shale,  as  well  as  the  Bryo- 
zoan  bed  at  Niagara.  Often  plentiful  but  generally  in  dissociated 
plates,  of  which  the  interbrachial  partition  plates  are  most  readily 
recognized.  The  "  roots  "  are  occasionally  found  attached  to  corals, 
etc.  Also  represented  in  the  middle  and  upper  limestones  at  Ni- 
agara, but  generally  replaced.  Also  in  the  shale  at  Lockport  and 
other  localities  (Hall). 
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Order  u-lexibilia  Zittel 

Genus  ichthyocrinus  Conrad 

[Ety.:  ixiil.-i,  fish;  i/.iV»>,  lily] 

(1842,     Acad.  nal.  sci.  I'ltil.  Jour.  8:279) 

Calyx  with  all  plates  above  the  radials  united  by  loose  suture  or 
by  muscular  articulation.  Base  dicyclic;  intrabasals  three,  unequal, 
very  small,  rarely  extending  beyond  ihc  top  stem  joint  with  which 
they  are  fused.  Basals  five,  small.  Radiais  and  lower  brachials 
laterally  in  contact  on  all  sides:  no  interradials  or  anais.  llrachials 
united  by  more  or  less  wavy  suturt-s  and  [heir  lower  edges  furnished 
with  tooth-like  projecti<ins  which  fit  into  de]>rcssions  on  the  sub- 
jacent plates.  Tcfjnicn  S(|uanu)ns,  composed  of  five  orals  and 
numerous,  very  small,  movable  plates.  Ariiis  non-pinnulatc.  with 
a  wide,  shallow  ventral  groijve,  Wlu-n  the  arms  arc  folded,  the 
crown  appears  like  a  perfectly  solid  body.  Stem  round,  the  upper 
joints  extremely  short,  and  generally  wider  than  ihe  others. 

lohthyocrinuB  laevis  Conrad  (h'ig.  54)  (llali,  1852.  I'ul.  .V.  Y. 
2:195,  pt-  43J 

Distinguishing  chaniclrrs.     Stem  sknikT,  rnniid  and  smooth,  grad- 
ually enlarging  to  the  base  of  the  calyx 
and  composed  of  alternate  thick  and  thin 
joints;  radials  five,  succeeded  by  two  to 
four  costals  in  each  radius;  10  ci 
distichals.  from  six  to  nine  jilatc 
an  unequal  number  in   the  two 
of  each  radius;  20  colunms  of  palm 
and  40  of  post-palmars,  the   nundjci 
plates  varying  in  the  colunms  of  the 
individual;  plates  with  lower  margins  ob- 
tusely triangular  and  upper  margins  with 
a  corresponding  reentrant  angle;  axillary 
plates  angular  above  and  below.  aiBmVwBrg.T'"""""  '"""  "'" 

Found  in  certain  calcareous  layers  near  the  middle  of  the  lower 
Rochester  shales  at  Niagara.  Also  in  the  same  shales  at  Lockport 
(Hall). 
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Genus  lkcanocrinus  Hall 

[Ety.:  iitxdyr,,  basin;  xpivn-,  lily] 

(1852.     Pal.  N.  y.  2:199) 

This  ^cnus  differs  from  Ichthyocrtnus  only  in  having  a 
rhomboidal  anal  plate  separating  the  two  posterior  radials,  and  fol- 
lowed by  a  somewhat  larger  anal  interradial. 

Leoanoorinni  maoropetalni  Hall  {Fig.  55)  (1852.  Pal.  :\.  V. 
2:199,1)1.  45) 

Distinguishing  characters.  Subglobose  calyx;  three  large  intra- 
basals,  the  two  larger  truncated  on  top;  larger  basals,  two  pen- 


mm,^^^ 
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tagonal,  one  hexagonal  and  two  hcptagonal;  subquadrangular  anal 
plalo  following  on  hcptagonal  basals  and  succeeded  by  large  inter- 
radial plate:  large  radials.  two  pentagonal  and  three  with  a  short 
sixth  side;  costals  1  x  5,  short,  succeeded  by  distichals  and  palmars 
similar  to  1  c  li  t  h  y  o  c  r  i  n  n  s  I  a  e  v  i  s  :  slender  stem ;  smooth, 
thick  joints  alternating  at  irregular  inierx-als  with  thin  ones,  and 
having  slightly  nnmdod  edges  and  a  round  canal. 

Koumi  in  the   Kixhester  shale  at  Lockport   iHall).     May  also 
occur  at  Niagara. 
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Class   ANNELIDA  Macleay 

The  annelids,  or  typical  worms,  are  soft-bodied,  marine,  fresh- 
water or  terrestrial  animals,  whose  remains  can  seldom  be  preserved 
in  a  fossil  state.  It  is  only  the  tube-building  order  (Tubicola)  that 
leaves  any  satisfactory  remains.  In  these  the  tube  is  either  a  cal- 
careous secretion  of  the  animal  or  is  composed  of  agglutinated  sand 
and  other  foreign  particles,  being,  in  each  case,  wholly  external. 
Worm  burrows  are  often  preserved  by  sand  or  mud  infiltration,  a 
cast  of  the  burrow  appearing  in  the  strata. 

Genus  cornulites  Schlotheim 

[Ety. :  cornu,  horn;  /j'tfoy,  stone] 

(1820.     Schlotheim.     Pctrcfactcnkmidc,  p.  328) 

Tube  gently  tapering,  flexuous,  the  small  end  usually  bent.  The 
tube  is  either  wholly  or  in  part  adherent  to  other  objects.  Walls 
thick,  cellular,  composed  of  imbricating  rings.  Surface  ornamented 
by  annulations  and  longitudinal  striae.  Interior  presenting  a  suc- 
cession of  annular  constrictions,  giv- 
ing a  scalariform  character  to  the 
cast. 

Cornulites  bcUistriatus  Hall  (Fig. 
56)  (1852.  Pal.  N.  V.  2:353,  pi.  8s, 
fig.  13-17,  and  v.  7,  supplement,  p. 
20,  pi.  116A,  fig.  12,  13) 

Distinguishing  characters.  Wall 
thick;    annulations    slightly   marked 

.1  1  .  *  I    •  It  ^'K-  56  Cornulites  belliFitiiatus 

at  base,  less  strongly  and  irregularly 

marked    in    upper    portion;    fine    longitudinal    striae    well    marked 

throughout. 

Found  in  the  talus  of  Rochester  shale,  along  the  Rome,  Water- 
town  and  Ogdensburg  railroad  above  Lewiston  hights. 

Class  BRYOZOA    Ehrcnberg 

The  Bryozoa,  or  Polyzoa,  are  marine  or  fresh-water  invertebrates, 
almost  always  occurring  in  colonies  or  zoaria  which  increase  by 
gemmation.  Each  zooid  of  the  colony  is  inclosed  in  a  membranace- 
ous, or  calcareous,  double-walled  sac,  the  zooccium,  into  which  it  can 
withdraw.  The  animal  possesses  a  mouth,  an  alimentary  canal  and 
,an  anal  opening,  and,  in  addition  to  these,  a  fringe  of  respiratory 
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tentacles — the  lophopJwre,  The  colony  is  commonly  attached  to 
foreign  bodies,  which  it  either  incrusts  or  from  which  it  arises  as  an 
independent  frond. 

In  the  Paleozoic  genera  the  cell  apertures  are  often  surrounded  by 
elevated  rims,  or  peristomes.  In  many  forms  a  portion  of  the  pos- 
terior wall  of  the  tube  is  more  or  less  thickened,  and  curved  to  a 
shorter  radius,  often  projecting  above  the  plane  of  the  aperture. 
This  forms  the  lunar ia,  and  their  ends  may  project  into  the  tubes  as 
pseudosepta.  In  the  interapertural  space  may  occur  angular  or  ir- 
regular cells,  the  mesopores,  while  on  many  portions  of  the  surface, 
tubular  spines  (aeantJwpores),  or  nodes  (rounded,  knob-like  eleva- 
tions), may  occur.  At  intervals,  in  many  genera,  rounded  eleva- 
tions, or  monticules,  are  found,  which  may,  or  may  not,  be  destitute 
of  cells.  Maculae  or  irregular  blotches,  destitute  of  cells,  also  occur 
in  many  forms.  Some  species  bear  a  superficial  resemblance  to  cer- 
tain corals,  particularly  the  monticuliporoids. 

Genus  diploclema  Ulrich 

[Ety. :  fJiTz/Mo^,  double;  xXij/xa^  twig] 

(1890.     Geo!,  sur.  Illinois,  8:368) 

Zoarium  dendroid,  branches    slightly    compressed,  spreading  in 

the  same  plane ;  zooecia  tubular,  diverging  from 
'^     a  wavy  mesial  mesotheca;  apertures  circular; 
i     •      prominent;^ 

^   0   V  »\         Diploclema  sparsa  (Hall)     (Fig.  57).     Tre- 

w    ^^ -1        i.«     matopora  s  p  a  r  s  a  Hall  (1852.    PaLN.Y. 
I'         2:155,  pi.  40A,  fig.  I2a-d) 

Distinguishing  characters.     Slender,  cylindric 
enT^rgeSent?'of?r?8h^^^^^^  stcms;    distant   cclls,    Opening   ob- 

liquely  upward;  elongated  nariform  calicles. 
Found  abundantly  in  the  Rochester  shale  at  Lockport   (Hall) 
probably  also  at  Niagara. 

Genus  ceramopora  Hall 

[Ety.:  xifjufio'^,  a  tile;  7:6f)o<^^  pore] 

(1852.     Pal.  N.  F.  2:168) 

Zoarium  disk-like,  free  or  attached  by  the  center  of  the  base; 
under  surface  with  one  or  more  layers  of  small,  irregular  cells;  zooe- 

*The  generic  descriptions  of  the  Bryozoa  are  adapted  or  transcribed  from 
Nickles  &  Bassler:  Synopsis  of  American  fossil  Bryozoa.  U.  S.  geol.  sur. 
Bui.  173.     I  have  also  followed  these  authors  in  the  synonomy  of  the  species. 
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cia  tubular,  radiating  on  the  upper  surface  from  a  depressed  center; 
apertures  oblique,  imbricating,  provided  with  a  lunarium;  mesopores 
short,  irregular,  decreasing  in  number  from  center  to  margin;  large 
maculae  or  clusters  of  mesopores  or  of  zooecia  at  regular  intervals. 

Ceramopora  imbricata  Hall     (Fig.  58)     (1852.    Pal.  .V.  Y.  2:169, 
pi.  40]^  fig.  la-i) 

DistiHguisJiiiii^  characters.  Depressed  hemispheric  form,  flattened 
or  convex  on  tlie  lower  side;  cc)ni])()sed  of  cylindric  or  subcylindric 
tubes  slightly  (Hverging  from  the  cen- 
ter, rectangular  to  plane  of  ui)])er  sur- 
face; arched  or  trianguhir  a])crturc, 
opening  (jn  all  sides  toward  the  outer 
margin,  arranged  in  aUcrnating  and 
imbricating  series. 

FIk.  58  CtTarnoiMjri  imbricata  with  en- 

r'ound    in    the    Rochester    sliale    at  ' ''•«*'"'«»t  "^  ««'-^'i«''' 
Lockport    (Hall)    and    probal)ly    also    at    Niagara. 

Ceramopora  incrustans  Hall     ( I^g.  59)     (1852.     Pal  N.  Y.  2:169, 
pi.  40K,  fig.  2a-dj 

Distiir^uisliifii^  characters.  Incrusting 
habit ;  cells  increasing  une(]ually  from  a 
center  or  i)oint  of  growth,  short,  minute, 
opening  oblicjuely  outward  and  arranged 

Fig.  59  ceramopora  Im-runtans  with    ^^   quinCUllX   OhUt. 

i'ound  in  tlie  Rochester  shale  at  Lock- 
port  (Elall);  may  also  occur  at  Niagara. 


fr'r  - 


(jenus    CHiLOTRVPA  L'lrich 

[Ety. :  Xii/ov,  lip;7/>v-a,  perfcjration] 

(1884.     Ciii.  soc.  nat.  hist.  Jour.  7:49) 

Zoarium  small,  branching,  with  a  narrow,  irregularly  contracting 
and  expanding  tube;  zooecial  tubes  cylindric  or  somewhat  com- 
pressed, thin  walled,  with  or  without  diaphragms;  walls  minutely 
porous;  apertures  elliptic,  obliciue,  the  lower  margin  thickened  and 
elevated;  at  irregular  intervals  maculae  or  monticules,  composed  of 
clusters  of  vesicles  and  of  zooecia  slightly  larger  than  the  average 
occur;  interzooecial  spaces  occupied  by  vesicular  tissue,  which  is 
commonly  filled  by  a  dense  calcareous  deposit  near  the  surface. 
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Chilotrypa  oitiolata  (Hall)     (Fig.  60).     Trematopora   os- 

t  i  o  1  a  t  a   Hall  (1852.     Pai.  N.  Y.  2  -.1^2,  pi.  40A,  fig.  53-0) 

Distinguishing  characters.     Irregularly  branching  cylindric  stems 
gradually  tapering  toward  the  extremities,  which  are  obtuse;  aper- 


tures about  their  diameter  apart,  arranged  in  spirally  ascending 
lines  or  irregularly ;  strong  peristomes:  interapertural  spaces  smooth; 
stems  solid  or  incrusting  crinoids. 

Found  abundantly  in  the  Bryozoa  beds  of  the  Rochester  shale 
and  in  some  of  the  calcareous  layers 
ij  below   it   in   the   Niagara   sections, 

\{  ^^     .Q    „.  ^  Also  at  Lockport.  etc.     (Hall). 

'■'•til  Genus  batostomella  Ulrich 

•^    [Ety.:  ,M7„i,  bramble;  aru-.a,  mouth] 

(1882.    Chi.  soc.  nat.  hist.  Jour.  5:154) 

1  ^fmiiu^r'ariutiu^rtar"'"*''  ""'"  '"  '^oarium  ramose,  branches  slen- 
der; zooecia  with  thick  walls  in  the 
mature  region  and  with  few  diaphragms  in  the  peripheral  region, 
often  centrally  perforated;  apertures  small,  circular  or  oval;  inter-  . 
spaces  rounded  or  canaliculate,  spinulosc:  acanthopores  small  and 
usually  very  numerous;  mesoporcs  small,  with  subcircular  openings, 

Batortomella  granulifera  (Hall)  (Fig.  61).  Trematopora 
granulitera   Hall  (1852.     Pal.  N.  Y.  2:154,  pi.  40.^.  fig.  ga-e) 

Distinguishing  characters.  Slender  branches;  ova!  to  elongate 
apertures,  margined  by  wavy,  raised,  granulose  lines,  which  are 
double  between  the  cells. 
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Found  rarely  in  the  lower  Rochester  shale,  associated  with  I  c  h  - 
thyocrinus  and  other  rare  fossils.  Niagara  sections.  Also  in 
the  same  shale  at  Lockport  (Hall). 

Genus    uocleha  Ulrich 
[Ety.:  Itiut,  smooth;  iXri/ta.  twig] 

(1882.     Cin.  soc.  mil.  hisi.  Jour.  5  :i4i,  154) 

Zoaritim  ramose,  lanu'llar.  subglobosc  or  incrustinp;  surface 
frequently  exhibiting  distinct  mtmticulcs  or  maculae;  zooecia  with 
-subcircular  or  irregularly  pctaloid  apcrtun-.';.  Sfparated  by  abundant 
angular  mesoporcs,  wliicJi  in  sumc  .species  are  <)])cn  at  tlie  surface,  in 
others  closed;  iliaphragnis  few  in  the  zooecia.  almndant,  sometimes 
crowded  in  the  nicsopores;  acanthopores  numerous  and  strong  in 
the  typical  species,  small  and  inconspicuous  in  others. 

Lioclema    florida    (Hall I    (I''ig.  ..^^^. 

-62).      Callopora       florida  '^ 

Hall    {1852.     I'd.    A".    )■,    -•:i46, 
pi.  40,  fig.  2a-f) 

Disliii}^iiisltiii_:^   clidruclcrs.     r,.\- 
planate  or  incrustiiig  habit;  tubu- 
lar cells;   florifonn    aj: 
margins    of    wliicJi    aj 
formed    of    segments 
seven  smaller  curves: 
of  aperture  furnis!icd 
in  perfect  specimens. 

Found  in  the  l!ry( 


rar.',     .\lso  at  Lockport  lllall). 

Lioclema  aspera  (liall)  (l''ig.  63). 
Callopora  a  s  p  e  r  a  Ilall  (1852. 

I'tii.  X.  y.  2:147.  p'-  4'^-  f'K-  4^'-'' 

fysliii<^uishiiij^  cliiiraclcrs.      Stems 
solid  or  h.illow  cylinders,  often  also 
incrusting    other    bodies    in    broad, 
cxplanate    or    foliate    expansions; 
«iirAa  clavate  or  thickened  extremities  of 

atems;  circular  or  slightly  oval  ai)erturcs;  finely  reticulated  intcr- 
.-apaces;  margins  of  apertures  surrounded  by  minute  points  (acantho- 
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pores)     which     give     the     entire     surface     an     asperato-granular 

appearance. 

Found  in  the  Rochester  shale  at  Lockport  (Hall),  and  probably 

also  at  Niagara. 

Genus  bythopora  Miller  &  Dyer 

[Ety.:  ^bOo^,  depth;  -ofm^,  pore] 

(1878.     Cantrih.  to  paleontology  no.  2,  p.  6) 

Zoarium  usually  with  slender  branches,  sometimes 
of  considerable  size;  diaphragms  obsolete;  apertures 
oblique,  narrowing  above;  interspaces  canaliculate; 
mesopores  few;  acanthopores  strong,  rarely  more  than 
one  to  each  zoarium,  sometimes  wanting. 

Bythopora  spinulosa  (Hall)  (Fig.  64).  Trcmatopora 
spimilosa  Hall     {Pal.  X.  Y.  2:155,  pi.  40A) 

Distinguishing  characters.  Oval  apertures;  cylindri- 
cal branches;  strong  spines  (acanthopores)  arranged  at 
nearly  regular  intervals. 

Found  in  the  Rochester  shale  at  Lockport.     (Hall) 

Fig.  64.    Bytho- 

Krged***""*****  Probably  occurs  also  at  Niagara. 

Genus  trematopora  Hall 
[Ety.:  r/JTJfiay  foramen;  -w^^^,  pore] 
(1852.     Pal.  N.  Y.  2:149) 

Zoarium  ramose;  surface  smooth  or  with  monticules;  zooecia  thin- 
walled,  the  contact  lines  of  walls  of  adjoining  zooecia  distinct;  dia- 
phragms few,  in  the  proximal  ends  of  the  zooecia;  apertures  circular 
or  oval, with  a  more  or  less  well  marked  peristome;  interspaces  solid; 
mesopores  irregularly  angular,  often 
obscurely  moniliform,  with  diaphragms 
at  the  constricted  parts;  acanthopores 
of  medium  or  small  size  usually  present. 

Trematopora  tuberculosa  Hall  (Fig. 
65)  (1852.  Pal.  iV.  Y.  2:149,  pi.  40A, 
fig-  la-g) 

Distinij^iiishing  characters.    Irregularly 

*■  o  •'       pijj^  gg  Trematopora  tuberculosa  with 

ramose  and  stout  branches;  tuberculous  enlargement  of  surface 
monticules;  tubular  cells  with  oval  apertures  and  thin  elevated  cali- 
cle  or  margin  which  is  spinulose  (bearing  acanthopores);  inter- 
apertural  spaces  solid,  but  septate  below. 
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11b  66  TrrnialoporB 


Found  abundantly  in  the 
Bryozoa  beds  of  the  Rochester 
shales,  at  Niagara,  also  at 
Lockport  (Hall). 

Trematopora  ( ?)  striata  Hall 
(Fig.  66)  (1852.  Pal.  A'.  Y. 
2:153,  P'-  40A,  fig.  7a-d  and 
8a-b) 

Distiiigtiisliing  characters. 
Expanded  at  the  base;  strongly 
striated;  slender,  cylindric, 
scarcely  tapering  branches ;  ob- 
long oval  apertures  distant 
from  each  other  about  the 
width  of  the  aperture;  intcra- 
pertural   space  with   continvious  groove. 

Found  in  the  Rochester  shale  at  Lockport  (Hall),  probably  also 
at  Niagara. 

Genus  CALLOPORA  Hall 

(emend.  Ulrich) 

[Ety.:  x'iUoi^  beauty;  -n/wj,  pore] 

(1852.     Pal.N.  y.  2:144) 

Zoariimi  usually  ramose,  the  branches  frequently  anastomosing 

and  forming  bushy  clumps;  zooecia  at  first  prismatic,  four  to  eight 
sided,  gradually  becoming  cylindnc  in  most  cases;  at  first  with 
closely  set  diaphragms,  becoming  more  distant,  finally  in  the  mature 
region  usually  closely  set;  apertures  closed  at  times  by  perforated. 
often  ornamental  covers ;  mesopores  more  or  less  numerous,  angular, 
crowded  with  diaphragms.     No  acanthopores. 

Callopora  elegantula  Hall  (I'ig.  67)  (.1852.  Pal.  W  Y.  2:144, 
pi.  40,  fig.  la-m) 

Dislhiguishiiig  characters.  Cespitose  or  fruticulose  groups  of 
small  stems  frequently  branching;  branches  bifurcating  or  variously 
diverging  from  the  stem;  solid;  extremities  often  hollow  or  cup-hke 
indentations,  also  blunt;  apertures  circular,  the  opercula  or  covers 
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with  a  central  perforation  from  which  radiate  a  number  of  ridges, 
giving  the  cells  often  a  radiately  septate  appearance;  mesopores 
single,  in  groups  or  encircling  the  apertures. 


Found  abundantly  in  the  Bryozoa  beds  of  the  Rochester  shale  at 
Niagara.     Also  common  at  Lockport  (Hall). 

Genus  phylloporina  Ulrich 

[Ety.:  if'iUiiv,  leai;  ctJ/ius,  pore] 
(1890.     Gcol.  siir.  Illinois,  8:399,  ^39) 
Zoarium  branching,  with  branches  irregularly  anastomosing,  with 
two  to  eight  rows  of  apertures  on  one  side,  longitudinally  striated 


on  the  other;  zooecia  more  or  less  tubular,  often  with  diaphragms, 
and  generally  separated  by  tabulated  interstitial  spaces,  which  are 
closed  at  the  surface;  acanthopores  often  present. 
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Fhylloporina  aaperato-atriata  (Hall)  (Fig.  68).  Retepora 
aspera  t  O'S  t  r  ia  t  a  Hall  (1852,  Pal.  ^^  Y.  2:161,  pi.  40C, 
fig.  2a-h) 

Distiugiiisliiiig  characters.  Network  of  anastomosing  brandies, 
with  oval  interstices  which  are  somewhat  unequal;  outer  (ace 
roughly  striate;  inner  face  poriferous;  three,  four  or  more  rows  of 
ovai  or  subangular  cells  arranged  somewhat  in  ol)lii[uc  parallel  lines 
or  in  quincunx  order;  apcrtiircs  in  perfect  specimens  probably  with 
peristomes. 

Found  abundantly  in  the  nryanoa  beds  of  the  liochcstor  shale  at 
Niagara.  Generally  adlieriiijj  lo  the  shale  laminae  by  the  celhilifcr- 
ous  face.     Also  at  Lock-port  ( I  lall). 

(ieniis  DRYMOTRVPA  L'lrlcli 

[Ety.:  "/"V''i'.  cuppice;  r/''':r«,  perforation] 

I181J0.     Ci\'l.  .iiir.  Illiiwii.     8  :jyij) 

Zoarium  branching;  dicliotonKmsly  at  fre(|ucnt  intervals;  zooecia 

in  several  ranges,  lubular.  npening  nn  ntie  side  only  and  springing 

from  a  thin  double  plate,  beneath  which  a  numbir  of  vesicles  are 


present;  reverse  side  longitudinally  striated;  vestibules  expanding 
from  the  orifices  to  ihe  angular  apertures. 

Drymotrypa  diffusa  (Hall)  ( l-'ig.  6y)  R  e  t  e  p  o  r  a  diffusa 
Hall     (1852.     Pal.  X.  V.  2  iiCkx  pi.  40C,  fig.  la-f) 

Distinguishiitg  characters.  Shrubby  form,  several  stems  originat- 
ing from  a  common  base;  stems  fre<|uently  bifurcaling  and  spread- 
ing laterally,  forming  a  broad  frond;  stems  and  branches  cellulifcr- 
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ous  on  one  side  only,  deeply  striated  longitudinally  on  the  other; 
quadrangular  or  subrhomboidal  apertures;  branches  often  thickened 
or  clavate,  always  obtuse. 

Found  in  the  upper  part  of  the  lower  Rochester  shale  and  the 
Brj'ozoa  beds  at  Niagara.     Rare.     Also  at  Lockport  (Hall), 

Genus  fenestblla  Lonsdale 

[Ety.:  fcncsfcUa,  a  little  window] 

(1839.     Murchison.     Silurian  system,  p.  677) 

Zoarium  consisting  of  a  calcareous  branching  frond,  forming  cup- 
shaped  or  funncl-sliaped  expansions.  The  branches  fork,  and  are 
connected  by  transverse  bars  or  dissepiments,  thus  inclosing  spaces 
or  fenestrules.     The  cell  apertures  occur  only  on  the  inner  side  of 


the  branches.  They  are  surrounded  by  rims  or  peristomes  and 
are  arranged  in  two  parallel  rows,  while  between  them  occurs  a  ridge 
(carina)  or  a  row  of  nodes. 

PencBtella  elegans  Hall  (Fig.  70)  (1852.  Pal.  N.  Y.  2:164,  P'- 
40D,  fig.  la-g) 

Distinguishing  characters.  Carina  subdued:  apertures  with  their 
longer  diameter  oblique  to  tJic  direction  of  the  branches;  branches 
slender,  frequently  bifurcating;  thin  and  slender  dissepiments 
scarcely  enlarging  at  the  junction  with  the  branches;  fenestrules  on 
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non-celluliferous  side  oblon|f.  quadrangular,  rarely  oval;  branches 
iinely  striate. 

Found  in  the  Brvozoa  bed  of  the  Rochester  shale  at  Niagara. 
Also  in  the  same  rock  at  Lockport  and  elsewhere  (HalH. 

Genus  ssmcosctNiuu  Prout 
[Ely,:  sciiii.  half  (somewhat  like);       it;axh'».      sieve;     C  O  s  c  i  n  - 
i  u  m  ,  a  genus  of  Brvozoa] 

,i85.>     SI  {.o„is  aaul.  ,a.  Tr.,n,.      1:443) 

Zoarium  funntl-sliaped,  celliilikTous  on  the  uiiler  side:  dissepi- 
ments wide,  very  short,  the  branches  jtpju'aring  tn  aiiasloniosc  on  the 
non-poriferons  face,  where  the  feni'Striiies  are  subrhomhoidal  or 
rounded.  Apertures  in  two  ruws.  with  a  very  high  median  keel, 
which  is  expanded  at  the  summit, 

SemicoBCiniuin  tenuioepB  (Hall)  ll"ig.  71.  721.  I'^enestella 
tenuiceps  Hall  1185J.  /':'/.  .V.  V.  2:}6^.  pi.  40!),  Rg.  ->a-ht 
Fenestclla  p  r  i  .=  c  a  ?  Hall  11852.  Id.  \.  V.  2:^0.  pi.  19, 
fig.  4a -ni) 

Disliiigiiishiii}^  cluirnrlns.  Carina  sharp  and  thin:  transverse  dis- 
sepiments not  extending  as  high  as  the  branches,  sometimes  scarcely 


*  i?h 


I       *        ,M,S=p;.:=^ 


visible;  round  large  apLTttires  opening  laterally  so  as  to  he  scarcely 
visible  when  looking  down  im  the  frond;  non-cellnliferous  side  witli 
oval  fcncstndes,  branches  on  non-celluliferous  side  striate,  appear- 
ing granular  when  worn. 

Found  in  the  liryozoa  beds  of  the  Rochester  shales  at  Xiagara; 
.also  at  Lockport  (IlallX?).  It  also  occurs  in  the  Clinton  beds  at 
I^ockport,  and  probably  also  at  Niagara. 
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Genus  polypora  McCoy 

[Ety.:  TtiMus,  many;  jril/.-'f,  pore] 

(1845.     Synopsis  Carbon,  foss.  Ireland,  p.  206) 

Zoarium  as  in   Fenestella,  but  with  from  two  to  eight  rows 

of  zooecia  on  a  branch,  and  without  median  keel,  but  sometimes 

with  a  row  of  strong  nodes  or  tubercles. 
Polypora  incepta  Hall    (Fig.  73)     (1852.     Pal.  N.  Y.  2:167,  p'- 

40D,  fig.  5a-f) 

Dislhtguishtng  characters. 
Funnel-shaped,  but  generally 
compressed  form;  branches 
dividing  somewhat  regularly, 
sometimes  anastomosing;  dis- 
sepiments at  regular  intervals, 
slender,  scarcely  thickened  at 
their  junction  with  branches;, 
fenestrules  oblong,  quadran- 
gular, rarely  oval;  non-celluli- 
ferous  face  longitudinally 
striate;  three  or  four  rows  of 
cell  apertures,  oval  and  alter- 
nating; dissepiments  thinner 
on  celluliferous  than  on  non- 
celiuliferous  face;  sometimes 
expanding  at  the  junction 
with  the  branches;  non-cel- 
luliferous  face  indistinguish- 
able from  Fenestella. 
Found  abundantly  in  the  Bryozoa  beds  of  the  Rochester  shale  at 

Niagara,  and  the  talus  of  the  clif?  above  Lewiston  bights.     Also  in. 

the  shale  at  Lockport  (Hall). 

Genus  helopora  Hall 

[Ety.:  >!'.'■';,  nail;  -iJ,""i-,  pore] 

(1852.     Pal.  N.  Y.  2:44) 

Zoarium  bushy,  dichotomously  branching,  the  whole  consisting- 
of  numerous  slender,  equal  segments,  united  by  terminal  articula- 


Hg.  79  Polypora 
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tions;  zooecia  subtubular,  more 
about  a  central  axis  and  opening 

Helopora  fragilii  Hall  (Fig.  74) 
(1852.  Pal.  N.  y.  2:44,  pi.  18,  fig.  33-0 

Distinguishing  characters.  Minute 
cylindric  or  clavate  zoarium  swollen 
at  one  end;  oval  or  subangular  pores, 
having  a  spiral  direction  around  the 
stipe  and  arranged  hetwecn  longi- 
tudinal elevated  lines. 

Found  in  the  Clinton  beds  at  Lock- 
port  etc.  (Hall).  Probably  occurs  alst 
in  the  thin  calcareous  up])cr  Medina  \i 


less  oblique,  radially  arranged 
all  sides  of  the  segments. 


t  Niagara.     Also  abundant 
Ts  at  Niagara  (?). 


Genus  CLATHRopoRA  Hall 

[Ety.:  chilhri,  a  lattice;  ponis,  a  pore] 

Zoarium  composed  of  anastomosing  branches,  forming  a  regular 
network  with  round  or  oval  spaces  or  fcncslrulcs,  with  a  pointed. 


articulating  base;  the  branches  are  made  up  of  two  layers  grown  to- 
gether back  to  back,  and  with  the  zooecial  tubes  opening  on  both 
sides  of  the  frond;  apertures  usually  subquadrate,  arranged  longi- 
tudinally. 
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Clathpopora  frondosa  Hall  (Fig.  75)  {1852.  Pal.  AT.  F.  2:160, 
pi.  40B,  fig.  5a-e) 

Disiiiiguhhing  characters.  Reticulate,  expanded,  flabellate  or  fun- 
nel-shaped frond,  both  surfaces  regularly  and  equally  celluliferous ; 
apertures  rhomboidal  or  oblong  quadrangular,  opening  obliquely 
upward. 

Found  in  the  Rochester  shale  at  Lockport  (Hall)  and  probably 
also  at  Niagara. 

Clathropora  alciconiiB  Hall  (Fig.  76)  (1852.  Pal.  N.  Y.  2:159, 
pi.  40B,  fig.  4a-c) 

Distinguishing  characters.  Cylindric  branches,  bifurcating  and 
variously   branched;   entire   surface   celluliferous;   apertures   quad- 


( 


11 


/ 


FCg.  71  Clstbropora  AlcLcornJa  wlib  enlargemenc 

rangular,  rhomboidal  or  oblong  and  variable  in  form  at  the  division 
of  the  stem. 

Found  in  the  lower  Rochester  shale  up  to  and  in  the  Bryozoa 
bed  at  Niagara.     Rare.     Also  at  Lockport  (Hall). 

Genus  rhinopora  Hail 
[Ety.:  /l[>«f,  hide;  -"/■ur,  pore] 
(1852.     PahN.  7.2:48) 
Zoarium  forming  large,  undulating  bifoliate  expansions,  cellu- 
liferous on  both  sides;  surface  usually  smooth,  rarely  with  solid 
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»r5 


monticules,  and  traverse  1  by  s'.eniier,  romuleiU  bifuroaiinj::  rivls^es. 
which  appear  as  shallow  iirv»ove>  wlun  the  surface  is  wv^rn;  aper- 
tures nearly  circular,  occupyinir  the  suuiniits  \>i  proniinent  papillae; 
mesopores  present,  but  closed  at  the  surface:  larvae  median  liibuli  in 
the  middle  la\  or  or  ints.'rluwi, 

m 

Rhinopora  tubercnlosa  Hall     il'iir.  77^     1 185-*.     /\:.'.  .V.  )'.  Jnfo. 
pi.  40K.  tii^.  4a-c ) 

DistiJii^uishitii:^     tluif\htcrs.      Lamellose     or     explanate     palmate 
fronds;    asperate    anil    iuIktcu- 

lous    surface:    lu]>crcles    nh»sily  -^  \   *  /  'v  _  -••.r/"?i 

destitute  oi  cells  at  ilu'  sum- 
mit: cells  risini::  in  ])ustules  on 
the     surface     anil     o]>enini;     by 

roimclish       t>Val       or       tri]H'laliniS     KU  TT  Rhl«opor.i  tubin«oloN«  with  t»nl»rK«Mnout 

apertures. 

I'ound  in  the  Rochester  shale  at    l.»H'k]^ort  illalh  and  pn^bably 

also  at  Xiai^ara. 

(lenus  DIAMESOPORA  llall 

[Ety.:  ''-''/.  throiiiili:  ."^'r-v,  niiiKlle;  -";>»^\  pure  | 

I  iS^j.     /'(//.  .V.   )'.  j:i^S) 

Zoarium  ramose,  nf  liollow  stems  lined  internally  b\  an  epitlieca; 
zooecia  simple.  liexaL^nnal,  (^r  rliombnidal,  with  an  uval  oritice  in 

the  anterior  half,  which,  with 
j^rowtli,  forms  a  tubular  vestibule; 
a])erlnre  with  ])eri.stome^  e(|ually 
elevate<l  or  hii^hest  ])osteri()rly ; 
iiUervestibnlar  spaces  comjjacl  «)r 
hori/onla11\    laminated. 

Diamesopora  dichotoma  llall 
(I'ii;-.  ;S)  (1S5J.  /'(//.  .V.  )'. 
2:15s,  ])1.  .joli.  W'^,   y,ii\) 

Pistiiii^uisliinii  cJiaractrrs.  ( 'y 
lindric,  hollow,  rej^ularly  bifmral 
in^'-  stems  (a  thin  crust  inclosiuj^ 
inorj^anic  matter);  interior  of  hol- 
low branches  transversely  striate; 
cells  opening  upward  in  regular  ascending  or  spiral  lines;  ])romi- 
nent  nariform  peristomes;  stems  usually  flattened. 

Foimd  in  the  iJryozoa  beds  of  the  Kochesler  shales  at  Xiagara, 
usually  in  a  crushed  condition.     Alsr>  at  Lrjekport  (Hall). 


Flff.  78  Diames(>p<jra  dlchotoniu  with  cnlarKi 
ment 
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with  a  central  perforation  from  which  radiate  a  number  of  ridges, 
giving  the  ceils  often  a  radiately  septate  appearance;  mcsopores 
single,  in  groups  or  encircling  the  apertures. 


Found  abundantly  in  the  Bryozoa  beds  of  the  Rochester  shale  at 
Niagara.     Also  common  at  Lockport  (Hall). 

Genus  phylloporina  Ulrich 

[Ety.;  fukkov,  leaf;  ?<;/)..¥,  pore] 

(1890.     Gcol.  sttr.  Illinois,  8:399,  ^39) 

Zoarium  branching,  with  branches  irregularly  anastomosing,  with 

two  to  eight  rows  of  apertures  on  one  side,  longitudinally  striated 


on  the  other;  zooecia  more  or  less  tubular,  often  with  diaphragms, 
and  generally  separated  by  tabulated  interstitial  spaces,  which  are 
closed  at  the  surface;  acanthopores  often  present. 
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Class  BRACHIOPODA  Cuvier 

The  Brachiopoda  arc  marine  animals,  sparingly  represented  in 
modem  seas,  but  most  prolific  in  the  Paleozoic  and  early  Mesozoic 
waters. 

The  valves  of  the  brachiopod  shell  are  dorsal  and  ventral,  and  not 
right  and  left  as  in  the  lamcllibranch  Mollusca;  they  are  unequal, 
and  each  is  synnnetric  with  reference  to  a  median  line  (longitudinal 
axis)  drawn  through  its  apex.  The  larger  valve  may  have  its  beak 
truncated  or  furnished  with  an  {)])ening  or  foramou  for  the  emission 
of  the  fleshy  pedicle,  by  nu-ans  of  whieli  the  animal  fixes  itself  to 
rocks,  shells  or  other  sul)stances. 

Certain  genera,  such  as  (rani  a,  do  not  conform  to  this  mode 
of  fixation,  but  cement  their  shell  directly  to  the  foreign  object, 
while  others,  e.  g.  I'  h  o  1  i  d  o  ]>  s,  a])])ear  to  have  led  a  free  exist- 
ence. In  many  of  the  discinoid  genera,  such  as  Orbicu- 
1  o  i  d  e  a.  the  ])edicle  ])assi(l  through  an  opening  in  the  lower  valve; 
while  in  L  i  n  g  u  1  a  it  ])roiru(led  between  the  two  very  nearly  ecjual 
valves.  In  all  cases  tlie  valve  giving  emission  to  the  pedicle  is 
spoken  of  as  the  pedicle  vah'c. 

The  opposite  valve  in  the  more  s])ecialized  genera  bears  on  its 
interior  two  short  prt^cesses,  or  crura,  which  arise  from  the  hinge 


\  \y 


Flff.  80  Diagram  of  Splr if (>r.    (\h)   LonKitudinal  axis  marking  the  hiKht ;    (CD)   Truiisvorflo  nxU 
marking  the  width  :  (a)  Anterior  1  front )  <miiI  :  (  Ht  i>o^%i>rior  (lM-aki  I'lid  :  (In  hingr  line;  (cu)  curdlnu 
arja;  ^e)  cardinal  i*xcreniitU>s;  (tit)  drltitlhnn:  (in  iiinlto;  ;a)  aix'x  or  beak 

plate.  To  these  may  be  attached  a  calcareous  brachidiimi,  which 
functions  as  a  suj)port  for  the  delicate  lU-shy  "arms".  In  a  large 
number  of  forms  this  brachidium  is  absent,  and  the  lleshy  arms  are 
directly  supported  by  the  crura,  but  tlu-ir  relation  to  the  valve  in 
question  is  similar  to  that  obtaining  in  the  brachidium-bearing 
forms.  This  valve  is  designated  the  brachial  valve.  In  all  the 
forms  in  which  the  valves  are  articulated  with  each  other 
(Brachiopoda  a  r  t  i  c  u  I  a  t  a  )  such  articulation  is  ])ro(luced 
by  teeth  arising  from  the  pedicle  valve  and  lodged  in  sockets  in  the 
brachial  valve.  The  beak  of  the  brachial  valve  is  commonlv  fur- 
nished with  a  more  or  less  pronounced  cardinal  process^  which,  at  its 
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with  a  central  perforation  from  which  radiate  a  number  of  ridges, 
giving  the  cells  often  a  radiately  septate  appearance;  niesopores 
single,  in  groups  or  encircling  the  apertures. 


Found  abundantly  in  tlie  Bryozoa  beds  of  the  Rochester  shale  at 
Niagara.     Also  common  at  Lockport  (HalO. 

Genus  pHYLLOPORiNA  l.'irich 

[Ety.:  flifhiv.  leaf;  ru/ics-,  pore] 

(1890.     Gcol.  siir.  llliiwis,  8:399.  639) 

Zoarium  branching,  with  branches  irregularly  anastomosing,  with 

two  to  eight  rows  of  apertures  on  one  side,  longitudinally  striated 


Fig.  «S  PbylloiHiHDa  aai 


on  the  other;  zooecia  more  or  less  tubular,  often  with  diaphragms, 
and  generally  separated  by  tabulated  interstitial  spaces,  which  are 
closed  at  the  surface;  acanthoporcs  often  present. 
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Genus  pholidops  Hall 

[Ety.:   v^AfV,  a  scale] 

(1859.     Pal.  X.  Y.  3:489;  1892.     Pal  W  W  v.  8,  pt  i,  p.  155) 

Shells  small,  with  equal  valves,  patella-like  in  outline;  inarticulate 
and  unattached,  without  pedicle  opening;  position  of  apex  variable; 
edges  of  valves  flattened  where  they  meet,  and  on  the  interior  are 
elevated  areas  for  attachment  of  muscles,  etc.  In  molds  of  the  in- 
terior, a  strongly  marked  impression  of  this  callosity  appears. 

Pholidops  squamiforinis  Hall    (h'ig.  82).    O  r  - 
bicula     ?     s  q  u  a  m  i  f  0  r  m  i  s     Hall     U^5--  ^ 

Pal  X.  Y.  2:250,  pi.  53,  tig.  4a-b) 

Distinguishing    characters.       1  )cprcssed     oval 

f  .        FIk.  82  Pholidops  siiuam- 

form;  sciuamous  concentric  striae,  most  marked   if«>riiiis  natural  k1x.«  and 
on  anterior  slope. 

Found  near  the  middle  of  the  lower  Rochester  shales  at  Niagara. 
Also  at  Lockport  (Hall). 

(lenus  DicTvoNELLA  Hall 
[lUy.:  i):/.7n(ry ,  net  J 

(1867.     X.    Y.   state  cab.   ncJ.   hist.   20th   an.   rcp't,   p.   274;    1893. 

Pal.  X.  Y.  V.  8,  pt  2,  p.  307) 

Shell  subtriangular  in  outline  with  l)iconvex  valves,  pedicle  valve 
having  a  broad  median  sinus,  and  brachial  valve  a  corresponding 
fold;  beak  of  pedicle  valve  acute  and  arclied  over  that  of  brachial 
valve,  though  not  closely  appressed  against  it;  a  sliort,  triangular 
deltidium  depressed  within  the  cavity  of  the  pedicle  valve;  teeth  long, 
marginal  and  ridge-like  on  the  diverging  cardinal  slopes  and  fitting 
into  narrow  marginal  grooves  on  the  brachial  valve;  brachial  valve 
with  a  strong  median  septum.  Exterior  covered  by  a  coarse  net- 
work of  superficial  cells,  usually  hexagonal,  sometimes  circular  in 
outline.  A  triangular  area  at  the  umbo  of  the  pedicle  valve  is 
destitute  of  this  reticulation. 

Dictyonella  corallifera  Hall  (iMg.  83).  A  try  pa  coral  li- 
fer a  Hall  (1852.  Pal.  X.  Y.  2:281,  pi. 
58,  fig.  5a-t) 

Distinguishing  characters.     T^orm  rhom- 
boidal  to  subtriangular,  base  often  nearly 

matL  ^SSS     ^^^^^&^^^'  broad  and  strong  sinus  and  fold; 

reticulated  or  pitted  surface,  the  space  be- 

Flg.  83  Dictyonella  corallifera  with  .  . 

•ar&oe  enlarged  twcen  thc  pitS  often  punCtatC. 

Found  in  the  Bryozoa  beds  of  the  Rochester  shale  at  Niagara. 
Also  at  Lockport  (Hall). 


A 


:5t^.  and 
Rarely 


Muscular  area?  well  markeii  an-!  vaH- 
market!  bifid  cardinal  process  occurs  in 


^•^ual  to  or 
■1  :"^i;  pedicle 
:".;:shoi   wHh 

A  strongly 
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Stropheodonta  oorrngata  (Conrad)  (Fig.  85)  (Hall.  1852. 
Pal.N.  K.  2:59.  pi.  21) 

Distill guislting  charactirs.  Semioval,  nearly  flat;  small,  acute 
lateral  extensions  of  liinge;  fine,  prominent  striae  sometimes  bifur- 


cating or  alternating  willi  fiiiiT  ones;  iil>lii|ne  folils  011  liingc 
margin. 

Found  in  the  Clinton  limcstonL'  (?;  am!  tin*  Clintmi  lensos  at  Ni- 
agara.    Rare. 

Stropheodonta  profunda  Hall  \.V\^.  86)  11R52.  I'ul.  X.  Y. 
2:61,  pi  21) 

Disfingiiishing  cliiir:irlri:s.  Lartic,  suniioval,  imiiii  wiilir  tliaii 
high;  auriculatc  hingf:  jirofiimi<lly  (.■niicavt-  brachial  valve:  abriiptly 


defiected  margins;  fine,  unccjtial  surface  slriac:  papillose  or  punctate 
interior. 

Found  in  the  lower  and  ui)pcr  Clinton  limestone  at  Niagara.    Also 
in  the  latter  bed  at  Lock-port  (Hall). 
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Genus  strophonelij^  Hall 
[Ety. :  /r-fufoi,   turned  around] 
(1879.     -^-  i  ■  ^'f''"  *«'"■  not.  hist.,  26th  an.  rcp'l,  p.  153;  Hall  & 
Oarke.     1892.     Pal  .V.  }'.  v.  8,  pt  i,  p.  290) 

Shells  with  the  form  and  structure  of  Stropheodonta,  but 
with  the  relative  convexity  of  the  valves  reversed. 

Strophonella    striata    Hall     ( Fig.   87)     Leptaena     striata 
Hall     (1852.     Pal.  .V.  r.  2:259.  P>-  Si-  %■  7) 

Distinguisbing  characters.  Semielliptic,  almost 
flat,  hinge  line  equal  to  or  a  little  longer  than  width 
of  shell;  fine,  rounded,  radiating  surface  striae, 
which    increase    bv    implantation:    fine    concentric 

Fig.  n  Siroptaciiiella 

Found  in  the  middle  and  upper  Rochester  shale  at  Niagara. 
Strophonella  (?)  patenta  Hall     (Fig.  88).     Leptaena    pat- 
enta    Hall     (1852.     Pal.  \.  Y.  2:60.  pi.  21) 

Dislhiguishuig  characters.     Wider  than  high;  hinge  not  auriculate; 


fine  unequal  radii  crossed  by  finer  concentric  striae :  inner  surfaces 
of  valves  thickly  covered  with  shaqi  points. 

Found  in  the  Clinton  limestones  and  lenses  and  doubtfully  in  the 
middle  Rochester  shaks  at  Niagara. 

Genus  plsctambqnites  Pander 
[Fly.:  -;>»Tov.  plaited:  ,;.,,;o,>.  heak] 
(1830.     Bcitragc  :ur  Ocognosic  dcs  Riiss.     Rcichcs.     p.  90.     Hail 
&  Oarke.  1892:  Pal.  .V.  I',  v.  S.  pt  i.  p.  J36.  .>);» 

Shells  smali.  concavo-convex:  surface  striae  very  tine,  often  alter- 
nating in  size:  hinge  line  making  greate,-^t  width,  extremities  often 
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subauriculate ;  cardinal  areas  narrow,  sometimes  obscurely  crenu- 
lated  on  the  margins.  Delthyrium  partially  closed  by  convex  plate, 
but  mostly  occupied  by  cardinal  process  of  opposite  valve.  Car- 
dinal process  appears  trilobate.  Aluscular  areas  moderately  well 
defined. 

Plectambonites    sericea    (Sowerby)       (Fig.    89).       Leptaena 
sericea     Hall     (1852.     Pal.    N.    V. 
2:59,  pl-  21) 

DistijigiiisJiing    characters.       Outline 
semicircular  to  seniiovai;  hinge  line  ex- 
tended, ending  in  acute  points;   striae  Fig. 89 Piectambomtes sericea 
strong,  elevated,  alternating  with  finer  ones. 

Found  in  the  lower  Clinton  limestone  at  Niagara.     Rare. 

Plectambonites    transversalis    (Wahlcnbcrg)     (Fig.    90).     Lep- 
taena   trans  vcrsalis    Hall     (1852.     Pal.   K.    Y.   2:256,   pi. 

53^  fig-  5a-b) 

DistiiigitisJiini^  characters.  Out- 
line semicircular;  strongly  convex 
pedicle,  and  extremely  concave  bra- 
chial valve,  conforming  to  each  other; 
strongly  incurved  beak  of  pedicle 
^^^J^^^      valve,   which   causes  an  inflection   of 

the  hinge  line;  hinge  line  produced; 

Fig.  90Plectambonltc8  traiisviTsalls  .  .  . 

nne  distant  elevated  striae  with  ex- 
tremely fine  striae  between ;  strongly  punctate  character  of  ex- 
foliated portions. 

Found  in  the  Clinton  lenses,  and  abundantly  in  the  lower  Roches- 
ter shale  at  Niagara.     Also  at  Lockport  (Hall). 

Genus  orthothetes  Fischer  de  Waldheim 

[Ety. :  ofiOo^^  straight] 

(1830.  Soc.  imp.  natural,  d.  Moscozu  Bui.  1 .37 S-  Hall  &  Clarke, 
1892;  Pal.  N.  y.  V.  8,  pt  I,  p.  253) 

Shell  varying  from  plano-convex  to  biconvex,  sometimes  becom- 
ing concavo-convex  with  age.  Pedicle  valve  most  convex  about 
the  beak,  which  often  tends  toward  irregular  growth ;  cardinal  area 
well  developed,  with  a  thick,  more  or  less  convex  deltidium.  Teeth 
not  supported  by  dental  plates.     Brachial  valve  most  convex  near 


184  NEW   YORK  STATE  MUSEUM 

the  middle,  with  a  narrow  hinge  area ;  cardinal  process  quadrilobate 
as  seen  from  above.  Surface  covered  by  slender  radiating  striae, 
which  arc  crcnulatcd  by  concentric  hnes. 

Orthothetes  snbplanus  (Conrad)  (Fig.  91).  Leptaena  sub- 
pi  an  a  Hall     (1852.     Pj/.  jV.  F.  2:259,  pi.  53,  fig.  8-10) 

Disliugiiishing  characters.  Pedicle  valve  at  first  convex,  later  be- 
coming concave ;  valves  nearly  equal  in  length  and  width ;  extended 
hinge  line,  sometimes  projecting  into  points;  sharp  angular  or  sub- 
angular  to  rounded  striae,  sometimes  bifurcating  before  reaching 


margin,  separated  by  wider  interspaces;  the  usual  method  of  increase 
is  by  intercalation  of  fine  striae,  which  soon  grow  to  strength  of 
tlic  chief  ones;  fine  concentric  and  occasionally  coarser  Hnes  of 
growth. 

Found  at  Niagara  in  the  upper  Clinton  beds  and  tlic  Clinton 
lenses  also  abundantlv  in  certain  thin  calcareous  layers  of  tlie  lower 
RocJicster  shale,  !ess  common  in 
the  middle  and  upper  shale.  Also 
at  Lockport  and  elsewhere  (Hal!). 
Orthothetes  hydranlicns  (Whit- 
field) (l"ig.  92)  (Grabau.  GcoL 
soc.  Am.  Bill.  1 1 :365.  pi.  22) 

Disliiiguishiiigcluiraclcrs.  Small 
size;  obtuse  cardinal  margins  with  hinge  line  shorter  than  greatest 
width  of  shell :  uniformly  rounded  front :  strong  rounded,  sharply  de- 
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fined  radiating  striae,  which  curve  shghtly  upward  on  the  lateral 
margins  near  the  cardinal  area;  strongest  striae  reaching  to  beak; 
increase  by  repeated  intercalation;  fine  concentric  striae. 

Found  in  great  abundance  in  the  Manlius  limestone  of  North 
Buffalo,  etc.,  usually  in  the  condition  of  molds. 

Genus  chonetes  I 'ischer  dc  Waldheim 

[ICly.:  xf'yyr^y  funnel] 

(1837.  Oryctogniphic  dii  ;^ouv.  dc  Moscow,  j)t  2,  j).  134;  1892. 
Pal.  X.  y.  V.  8,  pt  I,  J).  303) 

Shells  concavo-convex  (in  our  species),  with  the  j)e(licle  valve 
convex;  hinge  line  straij^ht,  making  the  greatest  diameter  of  the 
shell;  areas  narrow;  the  triangular  oi)ening  (delthyriuni)  in  the  area 
of  the  pedicle  valve  covered  by  a  convex  deltidiuni.  l'])i)er  margin 
of  area  bears  a  single  row  of  hollow  s])ines.  Area  of  brachial  valve 
withotit  spines;  cardinal  ])rocess  a])pearing  cjuadrilobate.  interior 
of  shell  strongly  papillose  iii  the  ])allial  ngion.  A  low  median  ridge 
divides  the  muscular  area  of  the  pedicle  valve.  A  similar  ridge  oc- 
curs in  the  brachial  valve,  l^xternal  surface  nsnallv  covered  bv 
radiating  striae. 

Chonetes  cornutus  (Hall)  (h'ig.  93)  (1852.  /*(//.  A'.  )'.  2:64, 
pi.  21) 

Distiui^nisliijisj;   cJiaracfcrs.      Semi-  \  '        '  /  y 

circular;    fine    ecjual    striae,   round,     Jp^.'         '..         ag         V  Jf 
straight  and  bifurcating  with  similar  ^^J9 

interspaces;  three  cardinal  spines  on     Hu-.MChoiu.t.'s  oomutus  imtumi  si/.oand 
each  side  of  beak,  oblicjuely  diverg- 
ing below,  curving  inward  at  middle  and   up])er  i)arts;  outer  one 
longest. 

Found  (doubtfully)  in  the  Lockport  limestone  at  Niagara. 

(icnus  ORTHis  Dalman 

{scnsu    strict  11) 

[Ety. :  onOoy,\  straight;  in  allusi(m  to  hinge  line] 

(1828.  Koiij!;!.  S^riisha  ret.  Akad.  1 1  audi.  p.  93,  96.  Hall  & 
Clarke  1892;  Pal  X.  Y.  v.  8,  pt  i,  j).  192) 

Shells  plano-convex  in  contour;  costae  strong,  sharp  and  com- 
paratively few,  rarely  if  ever  bifurcating;  cardinal  area  of  pedicle 
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valve  elevated  and  somewhat  incurved;  dental  lamellae  slightly  de- 
veloped, not  extending  the  entire  length  of  tlie  umbonal  cavity.  Car- 
dinal process  an  elongate  vertical  plate,  logitudinally  dividing  the 
deep  cleltidia!  cavity. 

Orthis  fiabellitea  Foerste 
(Fig.  94).  Orthis  f  1  a  - 
bellulum  var.  Hall  (1852. 
Pal.  N.  y.  2:254,  pi.  52) 

Disliiigttishiiig  characters. 
Long  hinge  line ;  semioval 
form;  coarse,  simple  rounded 
plications,  equal  to  spaces 
between  them;  marked  con- 
centric growth  hues. 

Found  in  the  upper  Clinton 
limestone  and  the  lower  Rochester  shale  at  Niagara.  Rare.  Also 
in    the    shale   at    Lockport    (Hall). 

Orthis  (?)  pnnctostriata  Hall  {Fig.  95) 
(1852.     Pal.  X.  Y.  2:254,  pi.  52,  fig.  5a-Q 

Disliiigitishiiig  characters.  Subglohose 
contour,  nearly  equal,  extremely  convex 
valves;  beak  of  pedicle  valve  somewhat 
longer  than  that  of  brachial  valve,  but  both 
prominent;  short  hinge  line,  still  shorter 
but  high  area;  fine  equal  bifurcating  striae: 
extremely  fine  concentric  striae;  punctate 
interspaces. 

Found  in  the  talus  of  Rochester  shale  above  Lewiston  hights. 
Rare.     Also  in  the  shale  at  Lockport  (Hall). 

Genus  ORTHOSTROPHIA  Ilali 

[Ety. :  the  name  refers  to  tlie  relations  of  the  genus  to  Orthis 
and   Strop  heodonta  ] 

(1883.  A',  r.  state  !iCol.  3d  an.  rcfl.  pi.  36;  1892,  Pat.  -V.  Y. 
V.  8,  pt  I,  p.  199.  223,  253) 

Shells  with  convexity  of  valves  reversed;  surface  finely  plicated; 
deep  narrow  muscular  area:  cardinal  process  elongate  and  simple. 
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Fig.  9f)  OrthoRtrophIa  (?)  fasclata 


Orthostrophia  ( ?)  fasciata  Hall  (Fii^:.  96).  Orthis  fasciata 
Hall     (1852.     Pal.  iV.  y,  2:255,  pi.  52) 

Distinguishing  characters.  Scnii- 
oval  contour:  produced  hinge 
line;  clustered  or  fasciculated 
striae  almost  simple  at  their  oriq^in, 
dividing  toward  the  margin. 

Found  in  the  lower  Rochester  shale  at  Niagara  (?).  Also  at 
Lockport  (Hall). 

Genus  dalmanella   Hall  cK:  Clarke 

[  h'ty. :  pr()])cr  name] 

(1892.     Pal.  X.  )'.  V.  S,  |)t  I,  p.  205,  22T^) 

Shells  plano-convex  or  subcciually  l)ic()nvex:  pedicle  valve  usually 
the  deeper,  often  elevated  at  the  umbo  and  arched  over  the  cardinal 
area:  hinge  line  geiurally  sliorter  tlian  the  greatest  width  of  the 
shell;  surface  finely  striate.  Prominent  teeth  sup])()rted  by  lamellae 
which  circumscribe  the  nuiscular  area:  cardinal  process  tri-  to 
quadrilobed,  continued  downward  in  a  median  ridge  dividing  a 
•quadriplicate  muscular  area. 

Dalmanella  elegantula  ( i  )alman )    ( h'ig.  97).    ( )  r  t  h  i  s  e  1  e  g  a  n  - 

tula  Dalman     (Hall  1852.     ral.  X.  )'.  2:252,  pi.  52.  fig.  3a-r) 

^^.^^       -g^'*'^  /^/.s7/;/;w/M7////i;  cJiaracfcrs.      Strongly  con- 

■Li^B      StdUf  ^^'"^  i)edicle  valve  with  high  but  narrow  area 

^^^^^^^K^  and  incurved  beak:  nearly  flat  brachial  valve: 

•^^^^fc>  generally   with   a   longitudinal    concavity  in 

the  center:  fine  close  set  striae,  which  divide 
dichotomously  toward  the  margin:  ex- 
tremely fine  concentric  lines  and  coarser 
growth  lines. 

Found  in  the  Clinton  lenses,  and  abundantly  at  intervals  in  the 
lower  and  middle  (Bryozoa  beds)  Rochester  shales  at  Niagara. 
Also  at  Lockport  and  elsewhere  (Hall). 
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Fig.  97  Dalmanella  elegantula 
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Genus  rhipidoublla  Oehlert 

[Ety.:,;E;:iV.  fan] 

(1891.  Jouniat  dc  conchyliologic,  p.  372;  1892.  Pal.  N.  Y.  v.  8, 
pt  I,  p.  209) 

Shell  almost  circular  in  outline;  both  valves  gently  convex;  hinge 
area  short;  slight  median  depression  in  each  valve.  Surface  cov- 
ered with  fine,  rounded,  hollow,  tubular  striae,  which  frequently  open 
on  the  suriace.  On  the  Interior  of  the  pedicle  valve  are  two  strong 
diverging  teeth.  Muscular  area  large,  and  deeply  impressed,  con- 
sisting of  fluted  diductor  impressions,  inclosing  small  central  ad- 
ductors. The  pedicle  scar  fills  the  cavity  of  the  beak.  The  interior 
of  the  brachial  valve  shows  deep  and  narrow  dental  sockets,  with 
prominent  projecting  crural  plates.  In  the  center  is  a  strong  car- 
dinal process,  below  which  is  the  indistinct  small  muscular  area. 

erby)     (Fig.    98).     Orthis     hy- 

2.   Pal.  X.  y.  2:253.  pi-  52) 

Distinguishing    cliaracU-rs.      Wider 
than  long:  nearly  equal  valves;  pedi- 
ve  with  broad,  undefined  de- 
pression down  the  center;   brachial 
valve   uniformly  convex,   sometimes 
slightly  depressed  near  front;  beaks 
nearly  equally  elevated  and  scarcely 
incur\-ed:  short  hinge  area:  fine  bi- 
furcatmg  stnae. 
Found  in  the  upper  part  of  the  lower  Rochester  shales  and  in  the 
Brvozoa  bed  as  well  as  rarely  in  the  upper  shales.     Niagara  sec- 
tions.    Also  at  Lockport  and  elsewhere  (Hall). 

Ehipidomella  oirculus  Hall  iFig.  in)l.  Orthis  circulus 
Hall     11^5-'.     PliL  A".  1".  2:56.  pi.  -'0> 


Rhipidomella    hybrida    1 

jrida    Sowerby     (Hall. 


-» 


(» 
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DMnguishing  characttTs.  Nearly  circular  and  equivalve;  finely 
striated  surface:  dichotomous  striae  running  up\^*ard  and  outward 
on  the  hinge  line;  narrow  short  hinge  area;  slightly  sinuous  front. 

Found  in  the  lower  Ointon  limestone  (?).  Also  east  of  Lockport 
(Hall). 

Genus  scsnidium  Hall 

[Ety.:  <rjnr>:(Hi>,  little  tent] 

(i860.     A'.  }\  state  cab.  tiat.  hist,  13//1  rr/»'/,  p.  70:  1892.     I*aL  X,  V. 

V.  8,  pt  I,  p.  241) 

Shells  subpyramidal,  somewhat  semicircular:  with  or  without 
median  sinus  or  elevation;  pedicle  valve  elevated,  subpyramidal; 
beak  straight  or  sliijhtly  arched;  carilinal  area  larj^^c.  rriangular,  di- 
vided bv  a  narrow  fissure,  sometimes  closetl  at  the  summit  hv  a  con- 
cave  plate.  Brachial  valve  depressed  convex  to  concave;  cardinal 
line  usually  equal  to  withh  of  shell;  cardinal 
process  simple  or  divided,  ant!  exten  line:  as  a  £*^hI 
median  septum  throu,c:h  the  lenc^th  oi  the  shell.  "$|pF 
Spondylium  in  the  pedicle  valve. 

Seenidinm  pyramidale  Hall    (I'ii::.  ioo>.    Or- 
this     pyramidale      Hall       U^5--       ^'t'^- 

A.  v.  2;25I,  pi.  52,  ng.  2a-Z)  Mp.  lrt>Sl-enUliumpy^amM• 

Dtstingmslwtg  characters.     Mnuite,   subpyra- 
midal:  flat   semicircular   brachial    valve,   centrally   depressed:   ex- 
tremely elevated  pedicle  valve  whh  large  triangular  area;  strong 
radiating    striae,    sometimes    dichotomous :    lamellose    concentric 
striae. 

Found  in  the  Rochester  shale  at  Lockport  (Hall)  and  may  also 
occur  at  Niagara. 

Genus  anastrophia  1  lall 

[Ety.:   <iwi,  back;  <rr/>oyr;,  a  turning] 

(1867.  iV.  v.  state  cab.  nat.  hist.  20th  an.  rcp^t,  p.  163:  1893.  PaL 
N.  y.  v.  8,  pt  2,  p.  224) 

Pentameroid  shells  with  a  spoon-shaped  cavity  (spondylium) 
under  the  beak  of  the  pedicle  valve  and  with  a  moderate  cardinal 
line  but  no  hinge  area;  surface  with  numerous  sharp  plications  ex- 
tending to  the  beak. 


>-K    |r 
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Anastrophia  interplicata  (Hall)    (Fig.  loi).    Atrypa  inter- 
pi  i  c  a  t  a  Hall  (1852.  Pal,  N.  F.  2:275,  P^-  57) 
Distinguishing    characters.      Extremely    con- 
vex; brachial  valve  the  deepest;  moderate  sinus 
_  and  fold;  from  two  to  three  plications  in  the 

^KB         ^1^     former  and  three  to  four  on  the  latter;  lateral 
^^^         ^^^^     plications  increase  by  implantation. 

Fig.  101  Anastrophia  Inter-  ,  .       i       ^,  •  ,  i  •       i       i 

pucata  Found  in  the  Clinton  lenses^  and  in  the  lower 

and   middle   Rochester   shale  at   Niagara.     Also   in   the   shale   at 
Lockport  (Hall). 

Anastrophia  brevirostris  Hall  (Fig. 
102)  Atrypa  brevirostris 
Hall     (1852.     Pal.  N.  Y.  2:278,  pi.  58) 

Distinguishing  characters.  Wider 
than  high;  strongly  convex;  brachial 
valve  deepest ;  short  nearly  equal  beaks ; 

sharp  bifurcating  or  interpolated   plica-  ^Ig.  102  Anastrophia  brevirostris 

tions,  from  five  to  six  in  the  sinus  and  fold,  which  are  broad  and  ill 
defined. 

Found  in  the  lower  Rochester  shale  at  Niagara  (?).  Also  in  the 
shale  at  Lockport  (Hall). 

Genus  pentamerus  Sowerby 

[Ety. :  -/>7£,  five;  /jJfto^y  part] 

(1813.  Sowerby.  .l//;/n' (7/ a);/f//o/(^^^r,  i  76;  Hall  &  Clarke.  1893. 
Pal.  N.  V.  V.  8,  pt  2,  p.  27,6) 

Shell  strongly  inequivalve,  biconvex  with  highly  arched  pedicle 
valve;  surface  smooth,  or  with  a  few  broad  and  obscure  radiating 
undulations.  Under  the  beak  of  the  pedicle  valve  is  a  deep  and 
narrow  spondylium,  or  plate  with  an  excavated  spoon-shaped  cavity, 
supported  ])y  a  high  vertical  septum  of  variable  length;  brachial 
valve  with  a  pair  of  septa,  the  interior  of  the  shell  being  thus  di- 
vided into  five  compartments. 

Pentamerus  oblongus  Sowerby     (Fig.   103)     (Hall.     1852.     Pal. 

N.  Y.  2:79,  pl-  25) 

Distinguishing  characters.  Very  large  and  oblong,  varying  in  out- 
line with  age;  wider  in  anterior  part;  valves  strongly  convex  at 
beaks;  beak  of  pedicle  valve  overarching;  subtrilobate  division  of 


LS    AND    VICIXITV 


valves  in  some  specimens:  surface  marked  only  by  concentric  lines 
of  growth,  which  arc  strongest  in  old  shells. 


U|>!KT 


1 1    specimen  1.     'I'he   species   i 
Hmestone,  east  of  I.ocKpnrt. 


on    limestone    at    Xiafjara 
Stic  of  the  lower  Clinton 


lis  BARRANDELLA  llj 

I  lUv.:  proper  nn 

.    ifti4.    /'„■/.  A',  r 


Small  ])entaineriiii 
tour,  wilh  a  sninml 
present.  Init  is  not  s 


-'.p.  241,243) 

j;aieate  form  <.r  helmet-shaped  con- 
plieaied  snrface.     A  spondylinin  is 


Barrandella    fornicata     (llalll      (i'i,!;.     104).      I'entanierns 
furnicatns    Mali     1 /W.  .V.  J'.  2:81.  pi.  24) 

_^.  --'tifc,  Dis/iiii^iiisliiii;'    iluinictcr.':.       Ilclmet- 

^-40^         ^•^     face  ohscnrely  plicate  longitudinally. 
Fig.  iw  Bnrrnncteiiii  forukaia  h'onnd     ill      tile      Upper     Crystalline 

Clinton    limestone   at    Xiagara.     Also   in   the    same   limestone   at 
Lockport  (Hall). 
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Genus  rhynchotrbta  Hall 
[Ety.:  y'fj'X'^'i,  beak:  rnr^rd,  with  a  hole] 

(1879.  -^-  ^  '  -^'^''^  ""'-^-  "^'-  ^"^-  28//1  aw.  rr/>'/,  p.  166;  1893. 
Pal.  X.  y.  V.  8.  pt  2,  p.  185) 

Shell  triang-iilar ;  surface  with  angular  plications.  Beak  of  pedicle 
valve  straight,  produced  beyond  that  of  the  opposite  valve,  extremity 
perforate,  the  foramen  with  an  elevated  margin.  Two  longitudinally 
striated  deltidial  plates  till  the  delthyrium.  Teeth  slender,  curving, 
procectling  from  a  broad  cur\ing  hinge  plate  in  the  pedicle  valve. 
r»rachiilium  a  slightly  modified  loop. 

Ehynchotreta  cuneata  var.  americana  Hall  (Fig.  105). 
Atr\pa     cuneata     Hall     U^5--     ^<''-   -V.    }'.   2:276,   pi.    57, 

fig.  4a-r) 

Distini^tiisbiu^  characters.  Triangu- 
lar and  cuneiform  outline;  longer 
than  wide:  elongate  angular  beak 
of  pedicle  valve  with  compressed, 
flat  or  concave  sides:  wide,  deep  sinus 
in  adult,  extending  two  thirds  to  the 
boak:  profound  frontal  emargination ; 
strong  angular  plications,  three  in 
sinus,  four  on  fold,  the  two  central  ones 

most    pron:inont:    niiir.er^nis    ro^tilar,    fine    thread-like    concentric 

striae:  niiniuely  papillose  surface. 

]\)und  in  the  L'linton  lenses  and  the  lower  Rochester  shale  and 

panicularly  in  the  r>ryozoa  IkxIs,  where  it  is  abundant:  rarely  above 

this.     Niagara  sections.     Also  at  Lockport  and  elsewhere  (Hall). 


I 
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Fig.    1it->    Rhynohotrotn    cunc-ta   v:r 
amerir.ina 


Genus  camarotoechia  Hall  &  Clarke 

[Ety.:  xa'idouy  arched  chamber:  toIxc^,  partition] 

( 1S03.     PcJ.  X.  v.  v.  8,  pt  2,  p.  189) 

Shell  rhynchonelloid,  trihedral  in  contour,  with  shallow  pedicle 
and  convex  brachial  valve:  no  hinge  area:  beak  of  pedicle  valve 
projecting  and  incurved.  Surface  radially  plicate,  sinus  and  fold  in 
pedicle  and  brachial  valves  respectively.  Distinctive  internal  char- 
acters (separating  this  genus  from  other  "  RhynchoncUas  ")  are:  a 
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median  septum  in  the  brachial  valve,  which  divides  posteriorly,  so 
far  as  to  form  an  elongate  cavity,  which  does  not  extend  to  the  bot- 
tom of  the  valve.  No  cardinal  process.  In  the  pedicle  valve  slen- 
der vertical  lamellae  support  the  teeth. 

Camarotoechia  obtusiplicata  Hall  (Fig.  io6).  Atrypa  ob- 
t  u  s  1  p  1  i  c  a  t  a  Hall     (1852.     Pal.  X.  Y.  2 1279,  pi.  58,  fig.  2a-h) 

Distinguishing  characters.  Gibbous,  subsphcroidal  form;  strongly 
convex  brachial,  and   flatter  pedicle  valve;  deep  sinus  of  pedicle 


V\k.  K'fi  Camarotoochla  c)))tuslplicata 

valve  with  three  plications  (rarely  four):  depressed  incurved  beak  of 
pedicle  valve;  Finij)lo,  obtusely  rounded  or  flattened  plications:  faint 
concentric  striae;  stroni^ly  eniarti^inate  front. 

Found  in  the  lower  j^^art  of  the  lower  Rochester  shales  at  Niagara. 
Also  in  the  shales  and  limestones  at  Lockport  (Hall). 

Camarotoechia  ( ?)  neglecta  I  lall  (I'i.^'.  107).  A  t  r  y  p  a 
neglect  a    Hall     (185  J.     /'(//.  A'.  )'.  2:70,  274,  pi.  23  and  57) 

Distinguishing  cJiaractcrs.  Convex 
valves,  brachial  valve  deepest,  sides 
sloping  abruptly  to  the  beak:  strongly 
defined  sinus  and  fold,  in  adult  individ- 
ual, the  former  with  three,  the  latter 
with  four  plications;  ])r()f()un(l  frontal 
emargination;  plications  rounded.  dlal^L  mJIa 

Found  in  the  lower  Clinton  limestone 

,         ^  ,  1    •         1  FIk.  107  Camarotoochla  (?;  nt^flfcta 

m  the  Chnton  lenses  and  m  the  upper 

part  of  the  lower  and  the  middle  Rochester  shales  at  Niagara. 
Also  more  rarely  in  the  upiKT  shales.  Found  also  at  Lockj)ort  and 
elsewhere  (Hall). 

Camarotoechia  acinus  Hall  (Fig.  108).  Rhynchonella 
acinus  Hall  (X.  V.  state  nuts,  nat,  hist.  2Sth  an.  rep't,  p.  163, 
pi.  26) 

Distinguishing  characters.  Small  size;  longitudmally  ovate  form, 
narrowing  toward  l>eak,  truncate  in  front ;  subequally  convex  valves ; 
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a  single  pticauon  m  ^iiiiis  o{  pcdicte  vah-e  and  two  on  fold  of 
brachial  valve:  te\(  pticatioos  on  either  side  of  fotd  or  stons. 

(3  ^  (J 


FaoDd  in  the  crystaJtine  opper  Cltntnn  limcstom;  at  Niagara. 
The  ^)ccics  was  originally  desCTibcd  irotn  the  western  Xiagara. 

(ienu£  RaYNCHONEiA-A  Fischer  dc  W'aldhcini 
[Ety.;  ,%i«s.  beak] 
{1809.    !JoHce  des  fax.  gowr.  Mosfmi.;  p,  35:  Hall  &  Clarke.    1893. 
Pol.  A*.  »*,  r.  8.  pt  2.  p.  177.  178) 

Suhpvrainiflal  plicated  shells  with  a  prominent  anterior  linguifomt 
extension.  Dental  tamellac  ami  a  iliirfal  median  septtnn  occur,  btit 
no  cardinal  process;  crura  are  preicnt.  but  oihtr  aim  sappcms  are 


wanting. 


-• 


Shynchonella    mbnita    Ilall      (Fig.     109). 
Atrypa      robust  a      Hall      (l»52.      Pal. 

^\  y.  3171.  pi.  33) 

busi  cliaracier;  brachial  valve  most  convex; 
broad,    ill    defined    fold    and    sinus:    coarse 

qiiatuiiusta  i-0tin,IiHl  plioaiioTi!;. 

the  nppi'rn;o>t  heiis  ui  tin?  Ciiiuon  serie?  at  Xiagara, 

Lockpon  '  Halll. 


(^ 


0 


Voun<\  ii 
.\Uo  cast  i. 

Bhynchonella  ( ?)  bidens  Hall  i  Fig.  i  io) 
.\tr>pa  bi.U-ns  Hall  11!^;.'.  Poi.  X.  F. 
2:6.>p!.  23I 

Dislii:::iiiiliii::^   clhir,:ct.-rj:,      >[ik-Ii    snialler  than 
precuiliiig:  strong:  coiivcNity  nf  valve*:  ilccp  sinus 
witli  uiie  plication;  fold  consisting:  01  two  rounded    '''''''''■■'" 
plications:  rather  broad,  roiindeil  lateral  plicae;  strongly  eniarginate 
front. 

Found  in  the  lower  Clinton  hcib  at  Lockport  (Hall).     Probably 
aI*o  at  Niagara. 


^^ 
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RhynoliOEeUa  (T)  bidentata  (Hisinger)  (Fig.  ni).  A  try  pa 
bidentat-a     Hall     (1852.     Pal.    N.    V.    2.276,    ^^ 

57)  •         • 

Distinguishing     characters.      Triangular     form ; 
acute,   extended   beak   of  pedicle   valve;  stronger    ^^  ^ 

convexity  of  brachial  valve;  less  convex  anil  more  ^^P        Xn 
triangularly    acute    than    pri'cedin^:    very    slight  "^^ 

frontal  emargination ;  shallow  sinus  with  one  pli-u  (>i'biii(.niB^S''wiih' 
cation,  and  corresponding  fold  with  two. 

Found  in  the  Rochester  shale  at  Lockport  and  elsewhere  (Hall). 
Probably  also  at  Xiagara. 

Genus  ATRYPA  Dalnian 
[Ety.:  ".  without;  -.."•t-..  fi.raiiieu  (erroneous)] 

I1828.  Kongl.  I'clcnskiips  .-ikfid.  II<ni(lliii,i;ar.  ]i.  i2j:  1894.  Pal. 
A".  }'.  v.  8,  pt  2,  p.  1G3) 

Shell  varying  in  outline  from  nearly  circular  to  longitudinally 
suboval;  valves  very  uiiei|u.',;,  hracliial  valve  lieing  strongly  convex 
or  gibbous,  while  the  pedicle  valve  is  genlly  i-onve.x  or  almost  Hal 
or  sometimes  slightly  concave  from  die  slronj^ly  marked  sinus: 
beak  of  the  pedicle  valve  small  and  incurved  over  that  of  the 
brachial.  Large  widely  separated  and  dovdily  gmoved  teeth  are 
present,  unsupportcl  hy  lamellae.  Stnmg  nm-^cnlar  iin]>ressions. 
Spirals  of  the  brachidium  with  their  liases  parallel  to  the  inner  sur- 
face of  the  pedicle  valve,  anil  the  apexes  directed  toward  the  deepest 
point  of  the  opposite  valve.     Surface  radially  plicate. 

Atrypa  reticularis  iLinnaeu:-)  (Fig.  112)  iiS$2.  Pal.  X.  Y. 
2:272,  pi.  23.  p.  270.  pi.  551 


Distinguishing  characters.  Convex  brachial  and  flat  pedicle 
valves;  small  deeply  inctirved  beaks;  radiating  and  concentric  striae 
forming  reticulated  surface. 
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being  almost  flat.     Strong  sinus  and  fold  in  adult,  with  minor  plica- 
tions on  each;   strong  concentric 
rugose    lamellae;    plications    less 
rounded  than  preceding. 

Found     in     the     Clinton     and 
Rochester  beds  at   Niagara,  gen-  ^0n^^ 

crally  associated  with  the  preced-  ^^IHtll^ 

ing  but  much  less  common.     Also 

FlK.  114  Atrypa  rugosa  with  Btrlae  cnlargo<l 

at  Lockport,  etc.  (Hall). 

Genus  CYRTINA  1  )avi(ls()n 

[Kty.:  /.nnzia,  a  wicker  shield] 

(1858.  British  Carbon.  Brachiopoda.  Monograph,  p.  66;  1893. 
Pal,  N,  Y,  V.  8,  pt  2,  p.  43) 

Shells  S  p  i  r  i  f  e  r -Hkc;  usually  small;  valves  very  unequal; 
pedicle  valve  elevated,  with  a  hi^h  cardinal  area,  the  delthyrium  of 
which  is  covered  by  an  elongate,  convex  pseudodeltidiuni,  which  is 
perforated  below  the  apex;  surface  pHcate.  Dental  lamellae  strong, 
converging  rapidly,  and  meetin.^-  a  median  septum.  Cardinal  pro- 
cess a  double  apophysis.     I»rachi(lium  an  extroverted  spire. 

Cyrtina  pyramidalis  (Hall)     (I^g.   115). 

S  J)  i  r  i  f  e  r  ])  y  r  a  m  i  d  a  1  i  s    I  lall    (1852. 

Pal.  X.  y.  2:j66,  ])1.  34) 

Distill  ''iiishiu  cf      characters.        1  ^-ramidal 

form;  vertical  or  slightly  bent  area;  nearly 

tlat  brachial  valve;  extremely  convex  ])e(l- 

FiR.  us  Cyrtina  pyramidalis  with  iclc     valve ;    subaiigular    i)lications.    about 

■  Striae  enlargf^l 

nve  on  each  side  of  mesial  fold  and  sinus. 
Found  *'  near  the  top  and  just  below  the  cd^c  of  the  cliff  nn  the 
Niagara  river  above  Lcwiston  "  (Hall). 

Genus  spirifer  Sowerby 

[Ety. :  spira,  spire;  fcro,  to  bear] 

(1815.  Mineral  coJicholo^i^y,  2:42;  1894.  Hall  &  Clarke.  Pal. 
N.  Y,  v.  8,  pt  2,  p.  i) 

Shell  variously  shaped,  commonly  very  much  wider  than  long, 
radially  plicated  or  striated,  crcvssed  by  concentric  growth  lines, 
which  in  some   forms   are  lamcllose  or  even  marked  by  spines. 


^'/ . 


r 


'^. 
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Hinge  line  generally  long  and  straight:  pedicle  valve  usually  with 
moderately  high  area,  with  an  open  delthyrium,  the  margins  of 
which  an-  prolonged  inlo  stout  simple  teeth,  supported  by  dental 
lamellat.  Area  of  the  brachial  valve  the  lower.  A  calcareous 
hrachiiliiiiii  in  tlie  icmi  of  a  double  spire,  whose  apexes  are  directed 
towani  the  cardinal  angles,  nearly  fills  the  cavity  of  the  shell. 

Spirifer  radiatns  S.iwerby  (Fig.  ii6)  (Hall.  1852.  Pal.  N.  Y. 
2:(-u.  pi.  22,  p.  J65.pl.  54} 

D\siin--mshmg  ilionidcrs.  Moderately  large  size:  pedicle  valve 
with  sirongl}-  incuncd   beak,  moderate  area,  and   broad  shallow 

mesial  .*iinis:  flatti.'ncd  iiicdian  fold:  fine  intitorni  radiating  striae 
coviring  all  pans  of  the  shell. 

Found  in  the  Clinton  limestones  and  lenses  and  in  the  lower  and 
middle  Rochester  shales  it  Niaj;ara:  sometimes  abundant.  Also  at 
Locki>.Tt  and  .Isewhcrc  [llain. 

The  shell  varies  greatly  in  tnrni  and  pro|K)rtions :  jometimes  the 
hinge  area  is  much  cMcndcd  or  ihc  hinge  extremities  are  rounded 
and  the  hinge  line  shorter  than  the  shell  below.  Faint  plications 
near  the  fohi  and  sinus  also  nccnr  in  some  specimens,  connecting 
this  sjjecios  with  the  next. 

Spirifer    iiiagarensis     Conrad     (I'ig.    117I      (Hall.     1852,     Pal. 

X.  y.  2:264.  )>i.  54) 

-V  Disliiii^iiisliius^       cliiirthicrs.        Moderately 

large  size:  convex,  with  nearly  equal  valves; 
strongly  incurved  beak  of  pedicle  valve; 
moderate  area;  numerous  fine,  rounded,  de- 
pressed plications,  which  heconic  obsolete 
Fig.  n;  spirifer i>ifl«a«n»ie  ^Q^^.^r^^  ,],^  extremities,  and  sometimes  ap- 
pear (pntc  flattened  out  on  the  surface:  fine  thread-like  radiating 
.'itriae  covering  plications  and  interspaces  alike. 
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Found  in  the  upper  Clinton  limestone  and  the  Clinton  lenses  and 
abundantly  throughout  the  lower  and  middle  Rochester  shale  at 
Niagara.     Also  at  Lockport  and  elsewhere  (Hall). 

Spirifer  crispus  (Hisinger)  (Fig.  118)  (llall.  1852.  Pal.  X.  V, 
2 1262,  pi.  54) 

Distinguishing  characters.  Small  size:  very  convex  pedicle  valve 
with  incurved  beak  and  high  ai\'a,  which  does  not  extend  to  car- 


#>  0 


^  %^ 


1^ 


dinal  extremities:  broad  rounded  plicalions,  fr<Mii  six  to  eight  on 
each  valve,  strongest  near  the  foUl  and  sinus:  fine,  elevated,  thread- 
like concentric  striae. 

i'ound  in  the  Clinton  lenses  and  the  lower  and  pariioularly  the 
middle  Rochester  shale  (liryozoa  beds)  at  Niagara.  Also  at  \j)ck- 
port  and  elsewhere  (Hall). 

Spirifer  crispus  var  corallinensis  (Irabau.  i(ic(^l.  soc.  Am.  Bui. 
11:352;  Hall.     1852.     /'(//.  A'.  )'.  J:3JS,  pi.  74,  fig.  9a-h) 

Distinguishing  characlcrs.  rnifonnly  obsolescent  plications,  an- 
gular mesial  sinus:  (Otherwise  like  ])rece(ling. 

Found  in  the  Clinton  lower  limestone,  the  lenses,  and  the  lower 
Rochester  shale.  Xot  abundant.  This  variety  connects  S.  cris- 
pus with  S.  eriensis.  It  is  characteristic  of  the  Coralline 
limestone  of  eastern  Xew  ^'ork. 

Spirifer  eriensis  Grabau  (I^g.  119) 
(Gcol,  soc.  Am.  Bui.  2:366,  pi.  21) 

Distinguishing  characters.  \'entricose 
pedicle  valve,  of  subrhomboidal  outline, 
high  area,  pronounced  angular  mesial  sinus 

uniformly  increasing  in  width  forward,  strong  frontal  emargination: 
sinus  bounded  by  strong  rounded  prominent  plications,  with  fainter 


Fig.  119  Splrlfor  orlensJs 
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ones  on   either   side:   linear  interspaces;  shaq)ly   defined  fold  of 
brachial  valve,  with  plications  almost  obsolete. 

Found  onlv  in  the  Manlius  limestone  of  North  Buffalo  and  Will- 
iamsville.     Xot  common. 

Spirifer  (Delthyris)  sulcatoi  Hall     (Fig.  120)     (1852.     Pal.  N.  F. 

2:261,  pi.  54) 

Distinguishingcharacters,  Near- 
ly equal  valves:  deep  mesial 
sinus :  four  or  more  plications  on 
either  side,  with  wide  inter- 
spaces: fine  radiating  striae 
crossing  plications  and  inter- 
pig.  120  spirifer(De:thyris)suicatus  with  strme spaces;  ver>'  coarsc,  lamellose, 
enlarged  subcquallv      spaccd     concentrfc 

growth  lines  which  interrupt  the  radiating  striae. 

Found  rarely  in  the  Clinton  lenses  and  the  lower  Rochester  shale; 
more  common  in  the  Bryozoa  beds  at  Niagara.  Also  at  Lockport 
and  elsewhere  (Hall). 

Genus  homoeospira  Hall  &  Clarke 

[Ety. :  <»>o.'oc,  like;  c'eioa,  spire] 

(1893.     Pal  W  Y.  V.  8,  pt  2,  p.  112) 

Shell  rostrate,  radially  plicate,  and  with  a  short  curved  hinge  line; 
apex  truncated  by  a  circular  pedicle  opening.  Spirals  spiriferoid, 
with  from  six  to  nine  volutions  and  a  \'-shaped  jugum.  A  linear 
cardinal  process  separates  the  crural  plates. 

Homoeospira  apriniformis   Hall     (Fig.    121).     y^^^      .^nii^. 

Atrypa   aprinis   Hall     (1852.     Pal.  i\\  Y.     ^L^m     ^/^ 

2.200,   pi.   57)  Fig.  121  Homoeosplraaprtnl- 

Distinguishing   characters.      Small,    roundish, 
oval,  scarcely  longer  than  wide;  nearly  ecjually  convex  valves;  non- 
sinuate  front,  numerous  simple  rounded  plications;  fine  concentric 
striae. 

Found  in  the  Rochester  shale  at  Lockport  (Hall).  Probably  also 
at  Niagara. 
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Genus  trematospira  Hall 
irpi^ta,  foramen;  *i:ii/.a.  spire] 
mus.  not.  hisl.  12th  an.  rep't,  p.  27;  1893.     Pal. 

tc,  with  subequally  convex  valves;  surface  radially 
straight,  cardinal  extremities  abruptly  rounded; 
^Duate.  Pi'<lLcIe  valve  witli  a  median  sinus  and  an 
mcatcd  by  a  circular  foramen.  Dclthyrium  cov- 
;  incurved  plates,  wbicb  arc  usually  closely  an- 
rappear  continuous,  wilb  a  narnnv.  Ilattoned  area  on 
I  Icjwif  ii.ilf  of  tbe  deliliyriuni  ojicn.  for  the  reception  of 
Mile  I'r.icliial  valve.  Teeth  pnitiiinent.  arising:  from  the 
idc  ilicy  curve  backward  and 
tirrii  articulation.  Muscular 
lb  niciliaTi  fold,  anfl  minute 
,illi  a  small  cbilidium  resting- 
<livi'li'd  by  median  long^itudinal 
.-ersc  groove.  Dental  sockets 
ciimparaiivcly  short.  I'racbi- 
l)ase.  as  in  S  p  i  r  i  f  e  r  . 


e;  above  tbc  binj,'e 

iitber.  thus  making  a  vei 

|_<lufincd.     lirachial  vahc  \ 

'-  i>l;ile  KTcatiy  elevateil, 

'ice  of  plate  deei)!y  ■ 

f.iintly  by  tran,>.\ 

iiii.i  broad,  thin  and 

pival  eunes  set  base  ti 


H|)lr«    camora    Ilall      (iMg. 
caiiiura  Hal!  (1S52. 
173,  Pl.  56) 

^g      characters.      .Small; 
transversely     eioii- 
I  equally    convex    vahcs. 
■Ojcctirpand  .slightly  iii- 
[  of  pedicle  valve,  .showing 
Plllls  the  ankylosed  dehidial  plates:  strong,  distant,  simple 
f  .plication >,   one  or  two    fine   ones   in   the   center;   fine, 
jtonccntric  striae  and  coarse  lamellae. 
I  the  Uryozoa  beds  of  the  Rochester  shale  at  Niagara, 
Also  at  Lockport  and  elsewhere  (Mall). 

Genus  whitfieldella  Hall  &  Clarke 

[Ety. :  proper  name] 
(189^!.     Pal.  N.  y.  V.  8,  pt  2,  p.  58) 
islly  of  small  size;  valves  subequally  convex,  ovate  or 
'outline;  beak  of  pedicle  valve  not  high  or  greatly  in- 
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curved,  usually  exposing  the  circular  apical  foramen,  beneath  which 
the  deltidial  plates  are  frequently  retained.  Cardinal  slopes  of  both 
valves  broad  and  not  distinctly  defined ;  anterior  margin  subtruncate 
and  gently  sinuate.  Hinge  plate  in  brachial  valve  concave,  divided 
by  a  deep  central  concavity,  which  is  supported  by  a  medium 
septum.  Brachidium  consisting  of  two  spiral  cones  arranged  base 
to  base,  connected  by  a  V-shaped  jugum. 

Whitfieldella  nitida  Hall  (Fig.  123).  Atrypa  nitida  Hall 
(1852.     Pal.  A'.  F.  2:268,  pi.  55) 

Distinguishing  characters.  Small  size; 
strong  convexity  of  valves,  which  are 
nearly  equal,  pointed  incurved  beak  of 
pedicle  valve;  smooth  surface  except  for 
concentric  growth  lines  and  strong 
wrinkles  of  growth;  often  slight  sinus 
near  the  front  of  both  valves,  '^auslJ.^ 
slight  frontal  emargination. 
Fig.  123  Whitfieldella  nitida  ^^^^^  abundantly  in  the  Clinton  lenses 

and  less  commonly  in  the  Rochester  shale  at  Niagara. 

This  species  varies  from  broadly  to  narrowly  ovate;  the  thick- 
ness is  frequently  i:2:rcatcr  than  the  width  and  coarse  thickenings 
and  wrinkles  show  changes  in  growth.  This  may  characterize 
senile  individuals. 

Whitfieldella  nitida  var.  oblata  Hall  (Fig.  124).  Atrypa 
nitida   var.    o  1)  1  a  t  a   Hall     (1852.     Pal.  X.  Y.  2:269,  pi.  55) 

Distin ^itishin if  characters.  Broadly 
ovate  form,  angle  between  cardinal 
slopes  often  90^  or  more;  moder- 
ately convex  valves,  subtriangular  in 
cross-section ;  uniformly  rounded 
front;  surface  absolutely  smooth,  very 
deep  muscular  impressions. 

Found  in  the  Clinton  lenses  and  the  Rochester  shale  associated 
with  the  preceding  and  usually  more  abundant.  Also  at  Lockport, 
etc.  (Hall). 


Fig.  124  Whitfieldella  nitida  var.  oblata 
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Whitficldclla  oblata  Hall  (Fig.  125).  Atrypa  oblata  Hall 
(1852.    Pal.  N.  Y,  2:9,  pi.  4) 

Distinguishing  characters.  Oblate  form,  nearly  as  broad  as  high; 
broadest    anteriorly;    sloping    abruptly    to   the    beak;    small,    well 


FlK.  12-)  Whltfl.'l.JHIfi  ohlata 

defined  beak;  nearly  equally  convex  valves;  central  groove  on 
pedicle  valve  and  slight  elevation  on  brachial  valve;  surface  marked 
only  by  lines  of  growth. 

Found   in    the   upper   Medina    sandstone   at    Niagara.     Also   at 
Lockport  (Hall). 

W*ltfleldclla  intermedia  Hall  (I'ig. 
126).  Atrypa  inter  ni  e  d  i  a  1 1  all 
(1852.     Pa/.  A'.  }'.  2:/y,  pi.  J4) 

Distinguishing  characters.  ()l)ovatc; 
rapidly  expanding  to  front,  which  is 
abruptly  rounded;  length  and  width 
nearly  equal;  convex  near  beak,  flatter 
toward  front;  slight  frontal  sinuosity; 
faint  growth  lines. 

Found    in    the    Clint(jn    lenses    and 
lowest  Clinton  shales  at  Niagara.     Also  in  the  upper  Clinton  lime- 
stone at  Lockport  (Hall). 

Whitfieldella  cylindrica  Hall     (hig.    127).     A  t  r  y  p  a    c  y  1  i  n  - 
drica   Hall     (1852.     Pal.  A'.  V.  2:76,  pi.  24) 


FlK.  12''  Whitnrldolla  intcrmnlla 


Fig  127  Whltnil'l»llacillndrlca 


Distinguishing   characters.     Elongate  cylindric;  strongly  convex; 
nearly  as  wide  as  thick;  strongly  overarching  beak  of  pedicle  valve; 
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faint  mesial  depression  in  pedicle  valve ;  slight  frontal  sinuosity ;  fine- 
radiating  striae  near  the  front. 

Found  in  the  upper  Clinton  limestone  at 
Lockport  (Hall).     Probably  also  at  Niagara^ 

Whitfieldella  sulcata  (Vanuxem)  (Fig. 
128)  (Grabau.  GeoL  soc.  Am,  BuL  11:367,. 
pi.  22) 

Distinguishing  characters,  Ventricose,- 
elongate;  well  marked  sinus  in  both  valves; 
lines    of    growth    and    prominent    wrinkles^ 

Fig.  128  Whitfieldella  sulcata  X 1^         .      .  ....  .  . 

and  changes  in  direction  of  growth. 
Found  in  the  Manlius  limestone  of  North  Buffalo,  etc. 

Whitfieldella  rotundata  (Whitfield)  (Fig. 
129)  (Grabau.  GeoL  soc.  Am,  Bui.  11:368, 
pi.  22) 

Distinguishing    characters.     Small,    subcir- 
cular ;   moderately   convex ;   beak   curved   at  rig.  129  whitaeideua  rotundats. 
right  angles  to  plane  of  contact  of  valves. 

Found  in  the  Manlius  limestone  of  Erie  county  (N.  Y.) 

Whitfieldella  laevis  (Whitfield)  (Fig. 
130)  (Grabau.  GeoL  soc.  Am,  BuL 
1 1 :369,  pi.  22) 

Distinguishing  characters.  Small;  broad- 
ly ovoid;  moderately  gibbous,  greatest 
gibbosity  in  posterior  third;  faint  mesial 
depression. 

Found  in  the  Manlius  limestone  of  Erie 

Fig.  130  Whitfieldella  laevis  x  1^     cOUntV  CN    Y  ) 

Genus  hyattella  Hall  &  Clarke 

[Ety. :  proper  name] 

(1893.     PaL  N.  y.  v.  8,  pt  2,  p.  61) 

Shell  similar  to  Whitfieldella,  but  compactly  subpenta- 
hedral,  and  without  the  median  septum  in  the  brachial  valve. 

Hyattella  congesta  (Conrad)  (Fig.  131  and  131a).  Atrypa 
congest  a  Hall  (1852.  PaL  N,  Y.  2:67,  pl-  23);  Atrypa 
quadricostata  Hall     (PaL  N.  Y,  2 :68,  pi.  23) 
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Distinguishing  characters.  Subcirciilar :  gibbous;  strongly  con- 
vex pedicle  valve  with  deep  median  fur- 
row, deepening  and  widening  forward; 
frontal  linguiform  elevation,  obtuse  cari 
nated  fold  in  sinus;  stronfj  fold  on  brachial  / 
valve,  with  a  lateral  fold  on  each  side  more 
or  less  prominent. 


<^  ^<^^S>  ^ 


Found  in  the  lower  Clinton  Minc^t"iie  ;il  Xiagara.     Also  at  Lock- 
port  (Hall). 

Clenus  ANOPLOTHECA  SandliLTtrcr 

[F.ty.:  »v..T/.,-v.  uiv.irnw<\:>'r;xr,.  slicatli] 

(1853.     Sil=b.  d.  K.  K.  .Ik-Lul.  </.   trissciis.  iikilli.  ualum:  Classc. 

16,  p.  5,  18,  102;  1894.     1  lall  &  Clarke.     Pu!.  X.  V.  v.  S.  pt  2,  p.  129) 

Concavo-convex,  small  shells  with  fuw  plications  crossed  by  line 
often  imbricating  fjrowth  lines.     I'rachial  valve  with  a  high  median 
septum.      Brachidium    a    pair    of    si)ira!    cones,    as    in    \V  hit- 
_  tic-Idclla. 

_^**-«^WEtu        Anoplotheca      hemispherica      (Sowerby) 

r0ft^r>jf^^'«-  '•'"'■     ■^^'■>''"  l>'--'»-pl-Tica 
^^^p     %^  Hall     (1852.     /■»/.  .V.  }-.  274,  pi.  2.^) 

Disliir^iiisliiii_^     dhiraclcrs.     Hemispheric 

Qr~\        to  seniiorliicular  form;  nearly  flat  brachial 
M\        valve,     convex     pc<liclc     valve;     extende.l, 
_  nearlv    straight    hinge    line;    eight    to    12 

wtib iiruu enlarged  rounded  to  subangular,  simple  plications; 

strong,  umiulating  concentric  striae. 

Found  poorly  preserved  in  the  Clinton  shale  at  Niagara. 
Anoplotheca  plicatula  (Hal!)   (Fig.  133).  Atrypa   plicatula 
Hall     (1852.     f'al.  A'.  I'.  274.  pi.  23) 
Distinguishing    characters.     Slightly    wider    than    long   or    sub- 
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Fig.  133  Anoplothx'a  plicatula 


rotund;  cardinal  slopes  meeting  in  obtuse  angle;  young  shell  car- 

inate  toward  the  beak  in  the  pedicle  valve; 
brachial  valve  gently  convex;  median  fold 
beginning  as  a  depression  at  the  beak,  and 
becoming  elevated  near  the  front;  two  plica- 
tions in  sinus,  three  on  fold;  sharp  rounded 
plications:  strong  frontal  sinuosity;  very  fine 
concentric  striae. 
Found   in  great  abundance  in  the   lower  Clinton   limestone  at 

Niagara.     Also  east  of  Lockport  (Hall). 

Class  PELECYPODA  Goldfuss 
(Lamellibranchiata  Blainville) 

The  Pelecypoda.  or  Lamellibranchiata,  are  marine  or  fresh-water 
mollusks,  with  a  bivalve  shell.  The  valves  are  complementary,  and 
in  the  majority  of  species  are  of  nearly  similar  outline  and  size.  In 
each  valve  may  be  distinguished 
an  initial  point,  or  beak,  around 
which  the  concentric  lines  of 
j;^n>TiY//  mark  the  successive  ad- 
ditions of  shelly  matter. 

The  orientation  of  most  shells 
is  cfFectecl  hv  hol(lin<r  them  with 
the  liiir^c  line  uj^permost  and  the 
beaks  pointing  away  from  the 
o])server.  Thus  placed,  the  up- 
per is  the  dorsal  and  the  lower 
the  ventral  border.  The  end  far- 
thest away  from 
is  the  anterior  cm\:  that  nearest,  the  posterior  end.  The  valves  are 
designated  as  the  right  and  left  valves  respectively.  The  articula- 
tion of  the  valves  is  commonly  effected  by  the  interlocking  of 
iccfli  which  are  borne  on  the  hinge  or  cardinal  margin  of  the  valves. 
They  vary  greatly,  but  can  usually  be  divided  into  the  short,  stout 
cardinal  teeth,  which  are  situated  under  or  near  the  beak,  and  the 
ridge-like  lateral  teeth.  The  opening  of  the  valves  is  brought  about 
by  an  elastic  ligament  stretched  across  the  hinge  from  valve  to 
valve,  behind  the  beak,  which  acts,  on  the  principle  of  the  C  spring, 
whenever  the  tension  of  the  adductor  muscles,  which  close  the  valves, 
is  relaxed.     In  many  genera,  an  elastic,  compressible  cartilage,  the 


FlK.  134  Diagrammatic  view  of  left  valve  of 
Cyihoroa;    taa)  anterior  adductor  scars;    (pa) 
posterior  adductor  scars;   (pl)  palllal  line;  (ps) 
the      ob^^erver     l^'''^*  sinus;  (t)  teeth;  (uni)  umbo;  (I)  ligament 
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resilium  occurs,  wiiich  is  lodged  in  special  prooves  or  pits.  The 
scars  marking  the  attachment  of  the  a<ldiictor  or  closing  muscle 
or  muscles,  vary  greatly,  anil  are  tre(]iieiitly  preserved  in  the  fossil 
forms.  When  two  are  present,  they  are  designated,  respectively, 
the  anterior  and  posterior  adiiiictor  scars.  The  line  of  attachment 
of  the  fleshy  mantle  which  Imilds  the  shells,  i.  e.  the  paUial  line, 
is  often  visihie.  Xear  the  (x>steri()r  end  it  frequently  makes  a  re- 
entrant cur\'e — the  pallia!  sinus — indicating  that  the  animal  had  a 
retractile  siphon.  The  various  parts  descril)eil  are  indicated  in  fig. 
134. 

The  principal  soft  parts  nf  the  animal  eomprise:  the  iiiaitth.  con- 
sisting of  two  fleshy  folds,  nne  lining  each  v;dve.  and  building  it; 
the  abdoiiiai.  with  (he  anteriorly  placed  nunilli.  and  ihe  ,Tntero-vcntral 
foot;  the  gills,  or  braiicliiih-.  which  consist  i>f  oomplicaicd  lamellae 
hanging  on  either  side  of  t!ie  ahilnmen  in  the  iiianik'  caviiy;  and 
the  siphons — present  only  in  cerlain  forms — ]>osterinrh-  placed,  often 
capable  of  great  extension,  and  serviiig,  the  one  for  the  entrance 
of  the  water  and  food  panicles,  aii<l  tlie  other  for  the  exit  of  the 
water  and  waste  products. 


'" 

■mis   PTKRINEA 

(1826. 

l\trclachi  (;<n 

•«,v,h„:  ,,.  .,,.0 

Shell  inequivalve,  inciiuilateral:  jiosterior  side  winged,  anterior 
end  nasutc  or  with  a  well  defined  ear.  Ligament  internal:  liga- 
niental  area  longilu<linal!y  siriateil.  Cardinal  tcedi  two  or  more; 
lateral  teeth  linear  ohliipie.  Posterior  mnseulnr  impression  large, 
situated  on  the  post-umfinnal  slope:  anterior  inuseuiar  impression 
small,  situated  within  the  rostral  cavity.     Test  nrnamented  with  rays. 

Fterinea  emacerata  iConrad)  (l-'ig.  1.151.  Avicula  e  m  a - 
cerata  Conrad     (Hall.     1S5J.     /'e/.  .V.  1'.  _>:2JS,  pi.  59) 

Dislinguisliiiig  clianicfcrs.  .Moderately 
oblique;  large  and  posteriorly  concave 
wing  often  extending  beyond  the  shell 
below;  small  anterior  ear:  tlat,  scnooth 
right  valve  with  s(riate<l  wing;  ccnivcx 
left  valve,  with  strong  radii.  imerrui)ted 
by  fainter  concentric  striae.  kih.  iw  i'UTiii™™m<:iTBia 

Found  perhaps  in  the  Clinlon  shale,  rarely  in  llie  lower  and  mid- 
dle Rochester  shale  and  abmiilantly  in  the  upper  shale.  Niagara 
sections.     Also  at  Lockport  and  elsewhere  niall). 
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Genus  LioPTERiA  Hall 

[Ely.;  ksiii^,  snicxtth;  ^Tepu,,  wing] 

(1883.     Pal.  N.  Y.  V.  5,  pt  I,  p.  4) 

Shell  aviculoid,  oblique,  subrhomboidal ;  anterior  end  not  auricu- 
ate;  wing  large,  extremity  produced.  Hinge  narrow,  furnished 
with  a  slender  lateral  tooth  just  pos- 
terior to  the  beak  and  nearly  parallel 
to  the  hinge  line.  Ligament  external; 
ligamental  area  narrow,  extending 
the  entire  length  of  the  hinge,  marked 
by  fine,  sharp,  longitudinal  striae.  Test 
with  concentric  striae  but  without  rays. 

liopteria  {1)  subplana  (Hall)  (Fig. 
136).  Avicula  subplana  Hall 
(1852.     Pa!.  X.  y.  2:283,  pi.  59) 

Disliiigiiisliiiig  characters.  Depressed 
convex  surface;  similarity  of  right  and 
left  valves;  ill  defined  wing  and  ear; 
concentric  striae;  absence  of  radii. 

ng.  190  uopiena  (r)  suupiana 

Found  in  the  Rochester  shale  at 
Lockport  associated  with  Pterinea  emacerata,  etc.  (Hall). 
Frobably  also  at  Niagara.     The  generic  reference  is  provisional. 


[Ely. 

CIlJ 


Genus  LYRiopECTEN  Hall 
,   small   lyre;   f'lrlcii,  comb,    i.   c. 


the    genus    P  e  c  - 


Pal.  A'.  1'.  V.  5,  pt  I,  p.  12) 


Shell  ineqnivalve,  with  a  short  hinge  line  and  very  small  anterior 
ear.  Cartilage  in  shallow  furrows,  parallel  to  the  hinge  margin. 
Surface  ornamented  with  rays. 

Lyriopeeten  orbiculoides  (noni.  nov.)  cf.  Avicula  (?)  or- 
b  i  c  n  1  a  t  a   Hall     (1852.     Pal.  -V.  1'.  2:284.  pl-  59) 

Distiiigiiishiiig  characters.  Right  (?)  valve  convex;  left  (?)  valve 
flat:  form  suborbicular,  hinge  line  short,  straight;  strong  radiating 
striae  cancelated  by  ec|ually  strong  concentric  striae,  forming  sur- 
face similar  to  Pterinea   emacerata. 
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Found  in  a  loose  block  of  limestone,  probably  the  lower  Lock- 
port  limestone,  at  Niagara.     One  specimen. 

The  identification  with  Hall's  species  and  the  generic  reference 

are  provisional. 

Genus  modiolopsis  Hall 

[Ety. :  Modiolus,  a  genus  of  recent  shells;  oV'«9,  appear- 
ance (similar  to)] 

(1847.  ^'^^.  '^'.  y- 1 -157) 

Shells  equivalvc;  valves  elongate  oval,  closed,  with  nearly  ter- 
minal beaks  and  narrow  hinge  i)latc,  and  without  teeth;  adductor 
scars  subequal;  ligament  deep-seated. 

Modiolopsis  orthonota  (Conrad)  (Fig.  137)  (Hall.  1852.  Pal. 
N.  Y,  2:10,  pi.  4  his) 

Distinguishing!^  characters.  Subclliptic  or 
rhomboidal  form;  straight  hinge  line;  obliciuely 
truncated  anterior  and  rounded  posterior  ends; 
ventral  and  dorsal  margins  nearly  parallel:  ele- 
vated, thin,  sharp  umbones,  with  a  faint  ridge 
extending  to  the  posterior  basal  margin ;  sur-  y\^.  137  Mouioiopsu  ortho- 
face  with  concentric  growth  lines  only. 

Found  in  the  upper  Medina  sandstcMies  at  Niagara.  Also  in  the 
same  beds  at  Lockport,  usually  as  molds. 

Modiolopsis  primigenia  (Conrad)  (Fig.  138)  (Hall.  1852.  Pal 
N,  Y.  2:10,  pi.  4  bis) 

Distinguishing  characters.     Subrhomboidal  form ;  rounded  anterior 

and  expanded  alale  posterior  ends;  straight 
hinge  line,  produced  posteriorly;  rounded  ven- 
tral margin;  fine  radiating  striae  visible  only 
in    well    preserved    shells;    strong    concentric 

Pig.  138  Modiolopsis  prim!-  g^'OWtll    linCS. 

**°  *  Found  usually  as  internal  molds,  in  the  upper 

Medina  sandstones  of  the  Niagara  sections,  and  at  Lockport  and 
elsewhere. 

Modiolopsis  sp.  (Compare  M.  sub  al  at  us.  Pal  N,  Y.  2:84, 
pi.  27,  fig.  5,  6;  p.  285,  pi.  59,  fig.  7) 

Distinguishing  characters.  A  small  left  valve,  strongly  convex 
below  the  umbo ;  a  strong  cardinal  ridge  extends  from  beak  to  pos- 
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terior  basal  margin,  and  above  this  the  surface  of  the  posterior  wing- 
is  slightly  concave;  beaks  incurved,  hardly  raised  above  the  hinge 
line;  posterior  end  more  sharply  rounded  than  anterior;  surface  with 
concentric  striae. 

Found  in  the  Clinton  lenses  on  the  Rome,  Watertown  and  Og- 
densburg  railroad. 

Class  GASTROPODA  Cuvier 

The  gastropods,  or  snails,  are  mollusks  with  a  distinct  head,  a 
muscular  foot,  and  a  mantle  consisting  of  a  single  lobe.  They  are 
terrestrial,  marine,  or  fresh-water  animals,  and  are  commonly  pro- 
tected by  a  conic  or  spirally  coiled  shell,  which  is  secreted  by  the 
mantle.  The  apical  part  of  the  shell  usually  consists  of  a  simple 
coiled  embryonic  shell,  or  protoconch.  Succeeding  this  is  the  shell 
proper,  which,  when  coiled  comprises  few  or  many  zulwrls,  the  later 
overlapping  the  earlier  ones  to  a  greater  or  less  extent.  The  suture 
at  the  junction  of  the  overlapping  whorls  may  be  faintly  or  strongly 
impressed.  The  whorls  may  coil  closely,  forming  a  compact  central 
columella ;  or  they  may  be  loosely  coiled,  leaving  a  hollow  columella, 
opening  below  in  the  wnbilicus.  The  body  whorl  opens  in  the 
aperture,  the  rim  or  peristome  of  which  consists  of  an  oxitcr  and  an 
inner,  or  columellar  lip.  The  peristome  is  complete  when  both  inner 
and  outer  lip  are  present,  and  incomplete  when  the  place  of  the  inner 
lip  is  taken  by  the  preceding  whorl.  In  a  great  many  species  the 
peristome  is  notched  anteriorly,  or  produced  into  a  straight,  or  more 
or  less  flexed  canal.  A  posterior  notch  is  also  frequently  found. 
The  columellar  lip  and,  in  its  absence,  the  columella,  may  be  smooth 
or  furnished  with  one  or  more  plications.  Similarly,  the  outer  lip 
may  be  smooth  on  its  inner  side  or  furnished  with  plications  or 
lirae.  Amon^c^  the  external  features  of  importance  are  the  transverse 
lines  of  growth,  which  mark  the  successive  increments;  varices  or 
rows  of  spines,  parallel  to  the  lines  of  growth,  and  marking  periodic 
resting  stages  during  the  growth  of  the  shell;  and  revolving  longi- 
tudinal lines  or  ridges,  which  may  be  uniform  or  alternating,  or  may 
show  a  gradation  in  size.  When  transverse  and  longitudinal  lines 
cross  each  other,  a  reticulated  surface  ornamentation  is  produced; 
and,  when  the  shell  is  covered  by  an  epidermis,  or  periostracum,  hair- 
like spines  not  infrequently  arise  from  the  points  of  crossing.  In 
Pleurotomaria  and  related  gastropods,  a  siphonal  notch  occurs  in 
the  outer  lip,  and  its  progressive  closure  from  behind  leaves  a 
marked  revolving  band,  commonly  visible  only  on  the  body  whorl. 

Many  species,  specially  of  marine  gastropods,  secrete  a  horny  or 
calcareous  operculum,  which  is  attached  to  the  foot,  and  closes  the 
aperture  of  the  shell  when  the  animal  is  withdrawn.  This  is  seldom 
preserved  in  a  fossil  state. 
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Genus  platvceras  Conrad 
[Ety.:  -AXT'A-.  flat;  ».>»-,  horn] 
(1840.     An.  n-p't  />«/.  -V.  y.  p.  205) 
Shell  conic,  irregular,  with  or  without  the  apex  inrollcd;  aperture 


expanded,  often  ruflexed 

i;  peristome  entire,  ol 

ften  sinuous; 

surface 

variously  striated,  sonictiniL's  bearing;  spines. 

^^^^ 

Platyceras  niagarense 

(Ilain      (Fiir. 

139)- 

^^^B 

k 

Acrociilia  niajjar 

en  sis    Hall    ( 

1852. 

^^^^^M 

^ 

Pal.  X.  y.  2:288,  pi.  rx>i 

^^^H 

m 

Distiugiiisliiiii;  cluinicu 

•rs.       Invulutt'    apex. 

^^^H 

■ 

scarcely    forniinf;   a    voli 

Ui.,n;    gia.'ually 

ex- 

v^^l 

■ 

pandin^    lower    pnrtiun. 

wilh    iwi.    oi-    ■ 

ihree 

WM 

m 

longituiliml  fol<ls  cr  un. 

ilulations;  iraus' 

.■iTse 

w 

striae,  which  undulate  ; 

u-ross   the    fnMs 

and 

tlepressions. 

""  '^■'  '■"■■'■'■'■""' 

'""''^'■"""" 

Found  rarely  in  iln-  \< 

>w<r  k.x-lu-sl.r 

-hak' 

at    Xiayara.     . 

:\ls..  at 

Loekport  (Hall). 

Platyceras   angolatum 

(ilalil     (i'ii;. 

i.|i>). 

.\ir..<-nli 

a    an  - 

gulata   Hall     (1K5J. 

/',//.  .V-   )■-  J;jSi 

>.  pl- 

Cxi) 

^^-             [)i.sliiii:u, 

i",s7((((,;   fliiirinlirs 

.      .\li 

lenualed  aj.rx 

.  form- 

^Km                      '>r 

two  niiinUe  vnl 

mi.  IMS 

:  ^iiell  l.clow  < 

.■xtend- 

^r        ingmal. 

-na.I  >-nrv.'.  ami 

i\pai 

:idiii,L;  rapidly 

toward 

^^A    theap.nu 

ri.-,  vJiidi   is  nni 

ch   di 

laied:  angulal' 

cd  sur- 

^^^^        face,  wiili 

1  sharp  carina  0, 

1  llie  1 

ipper  and  l.w. 

■r  outer 

BgjMPU.m™  margins,  a 

mi  an  -.htusi-  c; 
on  uiifi|uall\'  pi 

'utagi 

in  tlie  mid.lK' 
.nal. 

;  Irans- 

Found    in   the    lower 

and    middle    ]<•• 

chest. 

T    shale    at    \ 

iaf^ara. 

Rare.     Also  at  Loekport  (Hall). 

Genus  diaphorcstoma 

Fiscl 

icr 

[Cty.:  'Iwy 

"/"■>•,  unlike;  t-'- 

:;.-,  in 

outh] 

(1885.  Manual  dc  Coiichylh'hi:i<-:  i' 1  a  t  y  o  s  t  <jm  a  Cnrad. 
1842.     Acad.  naf.  sci  Jour.  8:275) 

Shell  with  a  short  depressed  spire,  a  larf^e  dilated  ajierture  and 
with  the  inner  lip  lying  close  against  the  body  whorl. 
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Diaphorostoma  niagarense  HaH  (Fig.  141)  (1852.  Pal.  N.  Y. 
2:287,  pi.  60) 

Distinguishing  characters.  Globose  contour;  three  to  four  volu- 
tions; large  bod\-  whorl,  inflated  toward  the  dilated  aperture;  deeply 
depressed  sutures:  fine  longitudinal  and  strong  transverse  striae. 
Xot  infrequently  a  sinuositv  is  indicated  by  the  lines  of  growth. 

Fig.  Ill  DlapbanMIODia  Dlagareasc 

Found  in  the  Clinton  limestone  lenses,  and  the  lower  and  middle, 
and  rarely  tJie  upper  Rochester  shale  at  Niagara.  Also  at  Lock- 
port  and  elsewhere  (Hall). 

Genus  pleurotomaria  De  France 
[Ety.;  -;.;;,,,«,  side;  7",-/.;'.  a  cut] 
(1824.     Tablciui  </.  corl's  orgaiiins  fossUcs,  p.   114,  and  Did.  sci. 
iiat.  41  :38i) 

Shcii  T  r  o  c  li  us -shaped,  more  or  less  conic,  with  or  without 
umbilicus;  volutions  angular,  flattened,  or  rounded,  their  surfaces 
varioiisly  ornamented:  aperture  subquadrale  to  suborbicular,  the 
inner  lip  thin.  The  outer  lip  bears  a  narrow,  deep  fissure  or  sinus, 
which  is  the  unclosed  continuation  of  a  revolving  band. 

Pleurotomaria  littorea  Hail     (Fig.  142)     (1852.     Pal.  N.  Y.  2:12, 
pl.  4  (bis)) 
Distiiii^idshiiig  characters.    Me- 
,^  dium     size;     subconical     form; 

W^— ^jte^  X^wSw'       three     to    four     somewhat    ob- 

^*^^^         tuseiy  angular  volutions,   which 
enlarge  rapidly;  small  umbilicus. 
Found  in  the  upper  Medina  sandstone  at  Lockport  (Hall).     Frag- 
ments in  the  same  rock  at  Niagara  seem  to  be  of  this  species. 


#Sh 
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Plenrotomaria  perretiuta   (Conrad)     (Fig.    143)     (1852.     Pal. 
AT.  K.  2:12,  pi.  4  (bis)) 

Distinguishing  characters.     Small  size;  depressed  conic  spire,  the 
volutions     strongly     embracing ;     whorls  ,-^^ 

about  four,  gradually  enlarging;  large  um-  ^^-^^ 

bilious  extfending  to  the  apex. 

Found  in  the  upper  Medina  sandstones        /^^«|  fl^^^ 

■of  the  Niagara  sections.     Also  at  Lockporl       ^^  ^j^^ 

<Hall). 

Genus  bucania    Ilall 
[Ely,:  biicina,  a  trumpet] 
(1847-     Pol.  A\  y.  1 :32)  ' 

Shells  coiled,  a  single  plane,  with  the 
«pire  equally  concave  on  cithur  side  and 
all  the  volutions  visible;  outer  whorl  ven- 
tricose;  all  whorls  embracing  to  sonic  extent,  having  an  inner  con- 
cavity; aperture  rounded,  ova!,  somewhat  compressed  on  the  inner 
dde  from  contact  witJi  preceding  whorl. 

Bucania  trilobata  (Conrad)    (Fig.  144)    (Hall.    1852. 
^       Q  Pa/.A'.  K2:i3,])i.  4(bis)) 

Distiiigiiisliing  characters.     Suborbicular  form;  three- 
na.  lu  Baouu  lobed  volutions,  all  of  whicli  are  visible:  last  whorl 

•MIoIiMa 

greatly  cxpande<l;  aperture  wider  than  long. 
Found  at   Medina  and   Lockport  and   fragments   in  the  upper 
Medina  of  Niagara  indicate  its  presence  there. 

Class  CONULARIDA 

Paleozoic  mollusks  of  doubtful  systematic  position,  resembling 

acKne  modem  Pteropoda,  but  only  distantly  and  ancestrally  related 

to  tliem.     Shells  conic  or  tubular,  elongate,  septate  and  variously 

.nrnattwmteri- 

Genus  conularu  Miller 

[Ety.:  diminutive  of  cotius,  a  cone] 

(1821.     Sowerby.     Mineral  coiichology,  3:107) 

Shell  elongated,  pyramidal,  with  the  transverse  section  varying 

from  i]uadrangular  to  octagonal;  angles  indented  by  longitudinal 

grooves.    The  surface  is  variously  ornamented  by  transverse  or 
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reticulatc'f  striae.     Near  the  apex  the  shel!  is  furnished  with  a  trans- 
verse septtiin, 

Connlari^i  ntagarenati  Hall  (Fig.  1451     (1852.     Pal.  X.  V.  2:294, 

1.1-  f'-,i 

!>i.<linf:iiisliiiif^  chariich-rs.  ISroad,  pyramidal,  tapering  abruptly: 
dccji  ;iljrii|>t  chjinncls  of  the  angles:  shallow,  scarceiy  defined  de- 
pression of  icnttTs  of  laces;  fine  and  closely  arranged  transverse 
slriac,  which  extend  from  the  angles  obliquely  to  the  center,  and 


m^ii^^ 


hen. I   nioi,    ,il'nipiK    in  cio-iii-    ilio  cuiir;d  dcprcs-;ion:  granulate 

cli.ii.i.uv  ..I  MiJ.u';  JHU-iir.Muuo  -paces  uidi  l.m-itudinal  striae. 
U.uiul    111    !lK-    K.'.'luMci-    ^lialo   at    L.Kkport    (Hall).     Probably 


['.■,i.  .uc  ilv  ;kv-s:  ::-;i;\  .;e\v:opvd  n:o::;:i;ks.  possess- 
i\ci;  iic;"ncii  l;c.i.'.,  .1  .-.rc'.o  .-t  ci:::ln  or  ;::ore  amis  sur- 
,^'":h  ,iiu;  -c!vr.;::v  {;:r^;is::c>:  wirh  flickers  or  hooks, 
,  -.-■  ,     .-,  ,T  sv\;::::::;ujr  or-a:;.  an.!  S  hii:;::y  .developed 
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chamber  lodges  the  animal.  The  septa  are  pierced  by  a  correspond- 
ing series  of  holes,  the  walls  of  which  are  often  prolonged  backward 
or  forward  into  siphoiial  funnels,  the  whole  constituting  tlic  siphunclc. 
In  ihe  Xautiloidca,  the  sutures  are,  as  a  rule,  simple  or  but 
slightly  lobed,  and  the  siphuncle  is  commonly  central  or  eccentric, 
but  seldom  marginal,  with  the  funnels  generally  di- 
rected backward.  The  embryonic  shell,  or  proto- 
conch,  is  rarely  retained. 

The  shells  of  ci'phalopods  are  either  straight 
{more  or  less  conic)  or  variously  curved  and  coiled 
to  cloM-  involution. 


convex  sept, 

the  long  axis  of 

central,     or     ccc 

widening    in    the 

variously  (irnanii 

inal  striae,  or  by  anmdalii 

Orthoceras  multiseptum  Hall 
I'aLX.  r.  2:14,  p!.  4  Ibis)) 

Distini^iiishing,  cluir.uh'is.  (.\ 
tapering;  septa  distant  otk'  sixi 
the  diameter. 

Found  in  the  upper  Medina  s; 
port,  etc.  (Hall).     Probably  alst 

Orthoceras  a&nulatum  Sov\e 
O  r  t  h  o  c  e  r  a  s  ii  n  d  u  1  a  t  u 
Pal.  N.  V.  2:293.  pl-  ^'4.  f-S) 

Distinguishing  characters.     Strong  annulations; 
moderately  strong  longitudinal  lines  which  node  ^ 
the    annulations,    fine    transverse    striae ;    elliptic  ', 
cross- se ctio n ;  subccntral  siphuncle.  mndi-i 

Found  in  the  Clinton  limestone  lenses  in  the  Rome.  Watertown 
and  Ogdensburg  railroad  cut  above  Lewiston.     Also  in  the  Roches- 
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ter  shale  and  I,ockport  limestone  at  Lockport  (Hall),  and  probably 
also  at  Niagara. 

Orthoceras  mednllare  Hall    (i860,    Gcol.  sur.  iVis.  Rcp't  prog.  p.  4) 
Dis  I  i  Hellish  ins;   characters.     Cylindric,   gradually   tapering   form ; 
septa  ilistant  nearly  half  the  diameter;  large  siphuncle,  slightly  ex- 
panded between  septa:  strong  sharp  subcqual  longitudinal  striae, 
with  often  alternating  finer  striae;  smooth  cast. 

Found  ill  the  Clinton  limestone  lenses  in  the  Rome,  Watertown 
and  Ogdensbiirg  railroad  section 
above  Lewiston.  Rare.  The  species 
is  normally  a  western  one. 

Genus  CYRTOCBRAB  Goldfuss 

[Ety.:  xuj.rn'i,  curved;  lipa^,  horn] 
(1837.  Dc  la  Bcche,  Handb.  d. 
Gcogii.  bcarb.  von  v.  Dcchen.  p.  536) 
Shell  conic  and  gently  curved,  with 
a  depressed  elliptic  to  trigonal  cross- 
section,  the  aperture  in  old  shells  con- 
tracted to  a  T-shaped  opening;  si- 
phuncle large,  eccentric. 

Cyrtoceras      snbcancellatnm      Hall 

(Fig.      148)-       Cyrtoceras      (?) 
cancellatum    Hall     (1852.     Pal, 


X.  y.   2;2yo.    pi.    61) 

I)i.itiii,i:iiixliiii};    clinnichTS. 

transversely  striated  surface, 

subniarginal. 

I'ouiid  in  the  "  hniestone  hclo 


Arcuate;    transversely    oval    section; 
nd  faint  longitudinal  striae;  siphuncle 


the  cliff  at  Niagara  Falls  "  (Hall). 


Genus  gomphoceras  Sowerby 

[Ety.i  r"-'i>.foi,  a  pin,  bolt,  or  club;  ):iff'"^-,  a  horn] 

(1839.     Murchison.  Siliiria}i  system,  p.  620) 

Shell  straight  or  curved,  pear-shaped,  greatest  diameter  in  front 
of  the  middle;  cross-section  circular;  mouth  contracted,  opening  by 
a  T-shaped  aperture:  siphuncle  central  or  eccentric,  subcylindric  or 
expanding  between  the  septa  (moniliform). 
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OomphooerM  i  ip.     (Hall.     1852.    Pa/.  A'.  F.  2:290,  pi.  61) 
Distinguishittg  characters.     Subfiisiforni  aperture  iiarrowe<l,  grad- 
ually tapering  to  the  extremity ;  surface  striated  transversely. 

This  fossil  has  the  general  form  and  appearance  of  G  o  m  p  h  o  - 
c  e  r  a  s ,  though  I  am  unable  to  discover  any  marks  of  septa.  The 
greatest  expansion  appears  to  be  at  about  one  third  of  the  distance 
from  the  aperture  to  the  apex. 

Found  "  in  a  fragment  of  limestone  below  the  cliff  at  Niagara 
Falls  "  (Halt). 


Genus  TROCHOCERAS  Mall 
[Ely.:  -poxi'i,  a  whtel;   /:'/."i">    ■'    Iiorn    (nanici!   from    its  trocluis 
or  top-like  shape)] 

(1852.    I'oix.  r.  21335) 

Shells  turbinate  or  trocliiforni ;  spire  elevated  as  in  Gastropoda, 
more  or  less  ventricose  and  umbilicaied;  aiierlure  ruunded  or  round 
oval;  volutions  above  the  outer  one  with  septa;  siphunclc  sub- 
marginal  or  dorsal. 

TroclioceraB  gebhardi  Hall  (Fig.  i4y)  (1852.  I'al.  X.  Y.  2:335, 
pi.  yj,  77A;  Grabau.  Gcol  soc.  Aw.  Bill.  11:371,  pi.  21) 

Distifiguishin^  characters.  Deep  and  wide  umbilicus  with  angular 
margins;  cross-section  of  body  whorl  irregularly  subhemisphcric; 
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apical  angle  of  spire  about  60° ;  fine  crowded  surface  striae.  In  the 
specimens  so  far  obtained  from  the  Manlius  limestone,  no  septa  have 
been  preserved. 

Found  in  the  Manlius  limestone  of  North  Buffalo  (Vogt  &  Piper, 
fig.  149)  and  Williamsville.  The  species  was  originally  described 
from  the  Coralline  limestone  (Niagara)  of  Schoharie  county  (N.  Y.) 

Class  CRUSTACEA  Lamarck 

Order   osxkacoda   Latr. 

The  ostracods  are  small  Crustacea,  with  a  bivalve,  calcareous  or 
horny  shell  covering  the  entire  body.  The  valves  are  joined  dorsally 
by  a  membrane,  and  open  alon^  the  ventral  side.  The  body  is  in- 
distinctly segmented,  and  ])ears  seven  pairs  of  appendages,  two 
pairs  of  which  represent  the  trunk  limbs.  The  shell  corresponds 
to  the  cara])ace  of  the  higher  crustaceans.  These  organisms  are 
minute  and  will  ordinarily  be  overlooked  imless  search  is  made  for 
them  with  a  lens  on  the  surfaces  of  the  shale  laminae.  They  are 
specially  abundant  in  the  finer  grained  shales. 

Genus  isochilina  Jones 
[Ety.:  I'rro^,  ecjual  to;  xcT/oc,  lip] 
(1858.     Cau.  ori:;a)iic  remains.  Decade  3,  p.  197) 

Caraj^acc  with  c(jual  valves,  whose  margins  meet  uniformly  and 
do  not  ovcrlaj);  greatest  convexity  central,  or  toward  the  anterior 
end;  anterior  tubercle  presetU. 

Isochilina  cylindrica  (Hall).  C  y  t  h  e  r  i  n  a  c  y  1  i  n  d  r  i  c  a  Hall 
(1852.     /'(//.  A'.   }'.  2;i4,  |)1.  4) 

Dislijr^iiishing  cJiaractcrs.  Oval,  elongate  form;  great  convexity^ 
"  which,  when  both  valves  are  joined,  would  give  an  almost  cylin- 
drical form  to  the  shell  ". 

1^'ound  in  the  u])j)er  Medina  sandstones  at  Medina  (Hall),  but 
probably  also  at  Niagara  and  other  places. 

Genus  leperditia  Rouault 

[Ety.;  Lcperdit,  proper  name] 

(185 1.     Soc.  gcoL  Prance.  Bui  ser.  2,  8;377) 

Carapace  with  unequal  valves,  the  right  valve  the  larger  and  over- 
lapping the  left  valve,  along  the  ventral  and.  to  some  extent,  along 
the  anterior  and  posterior  ends;  valves  smooth,  oblong  and  horny. 
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Leperditia  scalaris  Jones  (Fig.  150)  (Grabau.  Geol.  soc.  Am.  Bui 
11:371,  pi.  22) 

Distinguishing  characters.  Bean-shaped  outline;  straight  hinge 
line  with  salient  angles;  uniformly  curved  basal  margin;  an- 
terior and  posterior  marginal 
borders;  ocular  tubercle  about 
a  third  the  length  of  the  shell 
from  the  anterior  end;  strong, 
elongated  fold  or  "  dorsal 
hump  "  below  the  hinge  line,  in 
the    posterior    half    of    the    left 

valve.  ^'*^  ^'''^  L<'l)<'nllt!a  soalarls  (enlarged) 

Found  in  the  Manlius  limestone  of  Xorlh  lUiffalo  and  elsewhere 
in  Erie  county.     It  is  a  common  species. 

Cienus  BOLLiA  Jones  ^i:  FIoll 

flu  v.:  lioll,  ])ro])er  name] 

(1886.     An.  ami  JHUi^.  iiat.  liisf.,  ser.  5,   17:360) 

Valves  oblong,  with  rounded  and  nearly  eciual  ends;  hinge  line 
straight,  ventral  margin  curved;  surface  punctate  and  bearing  a 
rudely  horseshoe-shaped  ridge,  witli  a  central  de|)ression  within,  and 
without  a  semilunar  ridge  on  each  side  and  parallel  to  the  outer 
margins  of  the  shell,  which  are  slightly  rinnned. 

Bollia  sjrmmetrica  (I  lall)  ( l^^ig.  151).  1»  c  y  r  i  c  h  i  a  s  y  m  - 
metric  a  Hall.     (1852.     /'(//.  .V.  )'.  2:317,  pi.  67) 

Distinguishing  characters.     T^xtremely  small  size;  thin  horseshoe 
ridge,  dividing  shell  into  three  nearly  e(|ual  parts;  ridges  and  inter- 
spaces   about    e(jual;    outer    ridges    not    continued 
ventrally. 

Found    in    a    fragment   of   weathered    Rochester 
shale,  on  the  talus  along  the  Rome,  Watertown  and 
Fig.  151  Boiiiasym-  Ogdeusburg    railroad    cut    above    Lcwiston.     As- 

metrica    natux«l  size 

and  enlarged  sociatcd  with  the  next.     (One  specimen  found  was 

larger  than  the  normal,  and  the  horseshoe  curve  rather  thick  ven- 
trally, but  not  as  thick  as  in  !>.  lata  of  the  Clinton  group.  This 
appears  intermediate  between  the  two  species.)  Also  found  at 
Lockport  (Hall). 


m 
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Genus  abchmina  Jones  &  HoU 

[Ety.:  at/firj,  point  of  a  spear] 

(An,  and  mag,  nat,  hist,  ser.  4.     3:217) 

Carapace  with  thick  valves,  straight  at  hinge  line^  rounded  at  the 
ends,  and  convex  at  the  ventral  border.  Surface  drawn  out  into  a 
broad-based  and  sharp  pointed  hollow  cone,  which  either  involves 
the  whole  surface,  or  rises  from  the  f>ostero-dorsal  or  centro-dorsal 
region. 

Aecliinina  spinosa  (Hall)  (Fig.  152).  Cytherina  spinosa. 
Hall     (1852.     Pal.  X.  Y,  2:317,  pi.  67) 

Distinguishing  characters.  Strong  oblique  spine„ 
thick  and  hollow  at  the  base,  either  elongate  or 
short;  pointed  upward,  outward  and  forward,  and 
sometimes  slightly  bent;  valves  thickened  on  the 
free  border  by  a  raised,  rounded  but  irregular  mar- 
gin: area  at  base  of  spine  hollow  and  smooth; 
raised  margin  sometimes  punctate;  spine  often  long^ 
and  projecting  beyond  the  upper  margin  of  the 
valve. 

Found  in  weathered  Rochester  shale  on  the  talus 
Fi      152  Aechmina  ^^  ^^^^  Romc,  Watcrtowu  and  Ogdensburg  railroad 

splnoHa  much  enlai^ed  ,        «  ^  -    .  r^.*  ,  r. 

After  Jones  cut  above   Lewistou.     1  he   valves  are   often   im- 

bedded in  the  shale  with  the  inner  concave  surfaces  exposed.     Also- 
found  at  Lockport  (Hall). 

Order  TRILOBITA    Burmeister 

The  trilobites  are  extinct  Crustacea,  wholly  confined  to  the  Paleo- 
zoic seas.  The  body  was  covered  with  a  carapace  longitudinally 
divisible  into  three  parts.  The  anterior  portion  comprises  the  head- 
shield,  or  ccphalon,  which  is  usually  semicircular,  with  a  straight  pos- 
terior border.  The  central  of  the  three  cephalic  lobes  is  the  glabella, 
which  is  the  most  prominent  part  of  the  cephalon.  It  is  of  varying 
outline,  and  more  or  less  divided  by  transverse  furrows  or  pairs  of 
furrows.  The  last  furrow^  is  the  occipital  fiirrozc,  and  delimits  the 
occipital  r/;/j^,  which  is  just  anterior  to  the  first  segment  of  the  thorax. 
On  either  side  of  the  glabella  is  a  pair  of  cheeks,  divided  bv  the 

w 

facial  suture  into  fixed  cheeks  (those  next  to  the  glabella)  and  free 
cheeks  (the  outermost  portion).     The  latter  are  often  prolonged  intc^ 
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gettal  Spines.  The  compound  eyes  are  situated  on  the  free  cheeks, 
and  they  are  overshadowed  by  more  or  less  prominent  eyelids  or 
palpebral  lobes,  which  are  lateral  lobes  from  the  fixed  cheeks.  The 
facial  suture  thus  passes  between  the  eyes  and  the  palpebral  lobes, 
and  when,  as  is  often  the  case,  the  free  cheeks  become  separated 
after  the  death  of  the  animal,  only  the  palpebral  lobes  remain  on  the 
central  portion  of  the  cephalon.  The  border  of  the  cephalon  is 
often  distinctly  marked,  and  is  spoken  of  as  the  cephalic  limb.  At  the 
margin  it  is  folded  down  and  under,  making  the  doublure^  which, 
continued  backward,  often  produces  hollow  or  solid  genal  spines. 
Near  the  anterior  lower  portion  of  the  doublure  lies  the  lower  lip, 
or  hypostoma,  which  is  usually  found  separate. 

The  thorax  consists  of  a  varying  nunil)er  of  segments  or  rings, 
articulated  with  each  other,  and  commonly  permitting  enrolment. 
Each  consists  of  a  central  annidus  and  lateral  pleurae. 

The  tail,  or  py^^idiiuu,  consists  of  a  single  piece,  comprising  a  cen- 
tral axis  and  lateral  lobes.  The  axis  and  tlie  lol)es  commonly  show 
transverse  furrows,  corresponding  to  the  divisions  of  the  thorax,  and 
they  are  often  so  strongly  marked  tliat  a  line  of  divisic!!  between 
thorax  and  pygidium  is  difficult  to  determine. 

Great  advances  have  recently  been  made  in  our  knowledge  of  the 
ventral  side  of  trilobites.  Probably  all  of  them  had  jointed  appen- 
dages, which  included  antennae,  mouth  parts  and  legs,  comparable 
in  a  general  way  to  those  of  modern  Crustacea. 

Genus  homalonotus  Koenig 

[Ety.:  ufLiUM^^y  on  the  same  level;  xoro^,  back] 

(1825.     I  cones  foss.  sectiles,  p.  4) 

Body  usually  large,  depressed  above,  with  abruptly  sloping  sides. 
The  axial  furrows  are  indistinct  or  obsolete.  Cephalon  depressed 
convex,  wider  than  long,  with  rounded  genal  angles,  and  somewhat 
produced  anterior  margin;  glabella  almost  rectangular,  smooth,  or 
with  faint  lateral  furrows.  Small  eyes  situated  behind  the  middle, 
and  converging  facial  sutures  are  characteristic.  Thorax  of  13 
deeply  grooved  segments.  Pygidium  smaller  than  the  cephalon, 
elongate  triangular,  rounded  or  ])roduced  posteriorly;  axis  with  10 
to  14  annulations;  lateral  lobes  smooth  or  with  posteriorly  sloping 
ribs. 

Homalonotus  delphinocephalus  (Green)  (Fig.  153)  (Hall.  1852. 
Pal.  N.  Y.  2 1309,  pi.  68) 

Distinguishing  characters.  Subtriangular  cephalon ;  subquadrate 
glabella,  widening  a  little  posteriorly ;  small  lateral  eyes ;  acute  anter- 
ior termination  of  cephalon ;  non-trilobate  character  of  thorax,  nar- 
rowing rapidly  toward  the  posterior  end ;  abruptly  triangular  pygid- 


ium  ending  aculely,  faintly  triloljale,  and  strung! 
tlie  axial  and  lateral  jjortions;  granulose  surface. 


I'ound  rarely  in  ihe  lower  Ivnclicster  sliale  at  Xiatjara,  but  coin- 
nu>n  in  the  ii|>|>i'r  slialcs.  Also  fnnnd  at  Lnckport  and  elsewhere 
(Hall). 

denus  ii,i,AENus  Dahnan 

[lUy.:  i/./.'ii-M.  lo  squint] 

(1828.     Vcbcr  die  rakh-adai.  p.  51) 

Ccplialon  and  pygidiuni  of  about  the  same  size,  large  and  convex, 

snionth,  semicircular  in  outline,  with  the  triiohalions  faintly  or  not 
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at  all  marked  in  either.  CJlabcUa  smootli,  indistinct,  eyes  large, 
round,  lateral  checks  small.  Thorax  usually  consisting  of  10  seg- 
ments, with  smooth  plonrao. 

niaenni  ioxtu  Hall  (Fig.  154).  II  it  - 
mastis  barriensis  Hall  (1852. 
Pal.  .V.  Y.  2:302,  pi.  60) 

Dislin£uishiiig  i-luinu-h-rs.  I-^lo;it:rate 
elliptic  form;  ronmlcd,  nearly  i'i|iial 
cephalon  and  pygidiuni,  with  tin-  irilulia- 
tion  scarcely  marked  :  larj,'!,'  L'yi.'s  mar  the 
posterior  lateral  honkT  nt  ilic  ci-iiliaUm; 
faint  trilobation  of  thurax  with  v^ry 
broad  central  lobe;  graiiulnM-  nr  punc- 
tate surface. 

Found  in  tin.-  Cliiiinn  liiiif-ionc  Icn^o 
in  great  abimdanci',  iiMially  niirociuid 
only    by    cci>liala    ami    [.v^'idia.     Tlu-.-c  ki.-.  .■,itit«..„u.i«u, 

arc  often  crowded  toytihn    in  i^'rcal  iir.>fiisiiiii  M  llie  ..xciusiun  I'l 
y   ,\>ry   i>llkT    U.^-W.      Alsi.   found 
rarely  in  the  lou.r  and  iidd<lle  KodKs- 
tir   >hale   ;u    Xia.L.'ar:i,     .\Un    f.mnd    at 
LiicKpnriand  JmuIkt,-  illall). 


ide 


Cqihalni 


ith 


lar-L'  -lal.ella  and  pmluiiged  lateral  nr 
yenal  >pinv.<:  glabella  luniid.  widest  in 
frunt.  and  divi.led  by  three  well  marked 
lateral  iiirrnws:  faeial  stitvire  extetiding 
from  in  frunl  nf  tin-  genal  angles  111- 
wanl  111  the  eves  and  thence  forward 
around  the  glabella:  eyes  large,  with 
mimenins  distiiict  lenses.  Thorax  of 
ini-  "     segments     with     grooved     pleurae. 

I'ygidiuni    large,    of    many    segments, 

triangular    and    often    pointed    or    extended    into    a    mucronatc 

termination. 
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BaLmanites  limulurns  (Green)  ( Fig.  1 55 1.  P  h  a  c  o  p  s  1  i  m  u  - 
liirus    Hall     {185J.     Fal.  N.  V.  3:303,  pi.  67) 

Distiiiguisliiug  characters.  Sublunatc  form  of  cephalon.  pointed 
anteriorly;  large  slender  genal  spines:  broad  anterior  and  narrow 
posterior  lobes  of  glabella:  pygklium  with  15  axial  rings,  and  a  long, 
strong  mucronate  spine. 

Found  rarely  in  the  lower  and  middle  but  abundantly  in  tlie  upper 
Rochester  shales  at  Niagara.  Also  at  Lockport  and  elsewhere 
(Ha!!). 

Genus  CALYMMKNE  Brongt, 
[Ely.:  isiakuiiij.li'-i,  concealed] 
(1822,     Hist.  iial.  corusl.  foss.  p.  7) 
Body  oval  in  outhne,  readily  enrolled ;  ceplia!on  wider  than  long : 
glabella  narrowing  anteriorly,  conic,  strongly  convex,  divided  by 
three  pairs  of  deep  glabellar  furrows.     Facia!  sutures  extending 
from  just  in  front  of  the  genal  angles,  converging  forward  around 
tlie  eyes  and  reaching  the  anterior  margin  separately.     Eyes  small: 
—  lliorax  of  13  segments,  with  deep  axial  furrows: 

■    ^:i'Iium  from  six  to  11  SL'gments  not  distinctly 
■i  ki.-d  off  from  the  thorax. 

Calymmene  blomenbeolii  uiagarensis  Hall   (Fig. 
156)    (1852.    Pal.  N.  V.  2:307.  pi.  67) 

Plsfiiii^nishii!!;  charcicti-rs.  Svmicircular  out- 
line of  cephalon;  glabellar  lobes  tubcrculiform: 
general  tapering  form  of  thorax;  axis  of  pygi- 
dium  with  about  eight  rings:  limb  grooved  nearly 
biumonwiii nli^'areu/w  ^^  margin,  which  is  thickened  and  rounded 
posteriorly. 

h'lmnd  rarclv  in  the  Clinton  limestone  lenses,  and  the  lower 
Rocliesler  shale  at  \iagara.     Also  at  Lockport  (Hall). 

Genus  lichas  Dalman 

[Ety.:  mythologic  name] 

(1826.     Udur  die  Pahicailai,  p.  71) 

Trilobites  with  large  and  flat  granulated  shell,  Cephalon  small, 
with  spinous  genal  angles:  glabella  broad,  with  a  large,  tumid  an- 
terior lobe,  which  dominates  the  smaller  reniform  lateral  lobes  on 
each  side;  eyes  small;  facial  suture  extending  from  the  posterior 
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margin  obliquely  inward  to  the  eyes,  and  thence  almost  directly  for- 
ward, cutting  the  margin  separately.  Thorax  with  nine  or  lo  seg- 
ments and  grooved  and  falcate  pleurae.  Pygidium  large  and  flat, 
the  segments  commonly  ending  in  spinous  prolongations.  Doul^- 
lure  very  broad. 

Lichas  boltoni  (Bigsby)  (Plate  17)  (Hall.  1852.  Pal.  .V.  1'. 
2:3ii,pl.  69,  70) 

Distingttishing  characters.  Large  size:  nasute  anterior  end: 
large  central  and  oblique  lateral  lobes  of  glabella:  scabrous  surface 
with  backward  directed  acute  ])ustules:  stroivi^^ly  striated  doublure; 
three  broad  lateral  lobes  of  pygidium,  contracting  to  angular  ter- 
minations. 

Found  in  the  lower  Rochester  shale  at  Niagara.  Rare  and  in 
fragments.     Common  at  Lockpori  and  elsewhere  (Hall). 

Genus  encrinurus  luiunrich 

[Ety. :  cncrimis:  onod  -tail  (from  the  resemblance  of  the  py- 
£fidium  to  a  crinoid  stem)] 

(1S45.     X cites  Jalirb.  p.  42) 

Cephalon  narrow,  wider  than  long,  tuberculalecl:  glabella  pyri- 
form,  prominent:  free  cheeks  narrow,  se])arate(l  in  front:  eyes  small, 
elevated,  on  conic  prominences.  Thoracic  segments  11.  Pygidium 
triangular,  with  numerous  segments. 


Enorinums  omatus  Hall  &  Whitfield 
(Fig.  157).  Cybele  j)  u  n  c  t  a  t  a 
Hall  (1852.    Fai  X.  V.  2:297,  j)!.  AGG) 

Distinguishing  characters.  Stnnigly 
pustulose  surface  of  cephalon:  pyriform 
glabella;  elongate  triangular  pygidium, 

.  ,  .  ,  ,  -     -  Fig.  157  Eucrlnurus  oraatus 

With  concavity  along  the  center  of  the 

axis,  tuberculated  at  intervals;  slender  curving  ridges  of  pygidial 

limb,  tuberculated  at  intervals. 

Found  in  the  lower  Clinton  limestone  at  Niagara.     Rare.     Also 
at  Lockport  (Hall). 


s  •'■•';■ 
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Genus  brontgub  Go  Id  fuss 
[Ety. :  mythologic  name] 
1 1839.     Moi'a  acl.  phys.  nicd.  cacs.  Leol'.  CuroL  Xat.  aiytos.    19  :,s6o) 
[)orsa]  shield  broadly  elliptic,  with  the  ccphalon  less  than  one 
ihird  the  entire  length;  glabella  rapidly  expanding  in  fronl,  with 
faint  lobations.     Thorax  of  10  segments.     Pygidium  longer  than 
ccphalon  or  thorax,  with  a  short  axis  and  radiating  furrows  extend- 
ing from  it  across  the  broad  limb.     Margin  generally  entire. 


Bronteufl  niagareiisis  Hall    (Fig.  15S)     (1^52.     I'a!.  .V.  V.  2:314. 

,1, 70) 


<iniK-\vliat  s< 
ing  furrows 


Ai^   Xiagai 


i  Packard^ 

Crustacea  wilh  ihc  liudy  cnniposcd  of  hvc  cephalic,  eight  thoracic, 
and  two  to  ciglit  ahdotuinal  scguicnls.  Head  and  thorax  covered 
by  a  lliiu  cliitinous  or  scniicalcareous  single  or  bivalvod  shell  or 
carajiace.  A  narrow  umvablc  plate  or  n'Slnnii  lies  in  front  of  the 
ca]xiiMce.  Two  ]iairs  nf  autennne  and  stalhcil  compound  eves 
l)rcsciil.  'Hioracic  Mi^iiienls  with  soft  tcaf-liko  legs.  Abdonien 
often  eiidiiii,'  in  spiiiiiorni  tclsoii,  provided  with  lateral  spines. 

'Tlii-  s,-i-[ir,ii  urL<  rL-vi.-.d  !,y  i'r..(    J.-lin  M.  Cl.irku.  u ho  also  prepari'd  tlie 
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71) 

Distinguishing        characters. 
Large    spine    of    tclsoii    only 


I 


> 


Genus  cbratiocaris  McCov 

[Ety.:  xt/fdTto>,  pod;  xain^,  shrimp] 

(1849.     ^'ififi'  fff^^g'  fi^^i'  hist.  scr.  2,  4:412) 

Carapace  consisting  of  a  smooth,  pod-shaped  bivalved  shell,  with- 
out eve  nodes.  Valves  of 
carapace  elongate,  subovate, 
or  subquadrate,  truncated  be- 
hind. A  free  lanceolate  ros- 
trum occurs.  Rody  of  14  or 
more  segments,  of  which  from 
four  to  seven  extend  beyond 
the  carapace.  Some  of  these 
have  obscure  branchial  aj)- 
pendages.  Telson  a  long, 
pointed  spine,  with  two  smaller 
lateral  spines  (cercopods)  ar- 
ticulated to  it. 

Ceratiocaris  acuminata  Hall 
(Fig.  159)  (1859.  Pal.  X.  V. 
3  -.422,  pi.  84) 

Distinguishing  characters. 
Carapace  large,  tapering  in 
front,  broad  medially  and 
rather  abruptly  truncatod  on 
posterior  margin.  Surface  with 
very  fine,  raised  longitudinal 
lines.  Penultimate  segment 
long;  telson  and  cerco])o(ls 
short. 

Found  in  the  Waterlime 
beds  of  North  Buffalo. 

Ceratiocaris  (Phasganoca- 
ris?)  deweyi  Hall  (Fig.  160) 
O  n  c  h  u  s  d  e  w  e  V  i  Hall 
(1852.     Pal  N.   y.   2:320,   pi. 
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known:  longitudinally  grooved;  periodic  depressions  or  large  pits 
in  tlie  grooves ;  shown  as  blunt  spines  on  the  rock  mold. 


'syl.    TbIhd  Irednced) 


I 


Found  in  llie  Lockport  limestone  at  Niagara;  also  in  the  slia!e  at 
Lockport  (Ilall). 

Order  EunvfTERioA  Burmeister 
The  curyptL-rids  are  large  Crustacea,  with  an  elongate  body  com- 
posed of  cephalolhorax,  a  ringed  abdomen,  and  a  tail  piece  or  telson. 
The  body  is  covered  by  a  chitinous  epidermal  skeleton,  and  could 
be  cast  oiT  as  in  the  modern  horseshoe  crab  (Limulus).  The 
cephalothorax  is  usually  furnished  dorsally  with  two  large,  facetted 
lateral  eyes,  and  a  pair  of  median  ocelli;  and  ventrally  with  six  pairs 
of  legs.  The  anterior  joints  or  rings  of  the  abdomen  hear  on  their 
under  side  five  pairs  of  broad.  leaf-Hke  appendages,  which  are  com- 
parable to  the  gills  and  operculum  of  the  horseshoe  crab.  The 
posterior  six  segments  arc  without  apprndages.  The  Icfjs  are  com- 
parable to  those  of  Linniius  and,  like  them,  their  inner  margins  are 
fiirnishc<l  with  stout  spines  which  serve  as  teeth.  The  last  pair  of 
legs  is  goneraily  large,  and  usually  somewhat  flattened,  and  ends  in 
an  oval  plate.  TJiis  "  paddle  "  may  have  been  used  for  swimming 
purposes  or  for  jnirposes  of  anchoring.  On  the  under  or  ventral 
surfaces  of  the  first  two  abdominal  segments  is  the  genital  oper- 
culum, a  pair  of  plates  meeting  medially,  with  a  median  lobe  at- 
tached wliich  differs  in  the  two  sexes. 

Genus  EURVPTERUS  DeKay 
[Ely.:  .V>^.  broad;  rr.,,.;v,  wing] 
(1825.     Lye.  mil.  'list.  X.  Y.  An.  1:375) 
■longate  and  narrow,  often  of  great  size.     Cephalothorax 


];ody 
one  fiftli 
subquadrate  millin 
terior  margin  sligli 
marginal  furrow 


Lth  of  the  whole  length,  depressed  convex. 
■  with  the  anterior  angles  rounded,  and  the  pos- 
argin  bordered  by  a  narrow 
ifomi,  situated  somewhat  in  front  of  the 


riiddle;  ocelli  close  to  the  axial  line.     Mouth  a  ventral  cleft.     Legs 
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progressively  increasing  in  length  backward,  the  anterior  pair  with 
pincers  or  chelae;  second,  third  and  fourth  pair  six  to  seven-jointed, 
and  covered  with  fine  spines;  fifth  pair  eight-jointed;  posterior  pair 
consisting  of  eight  segments,  large  and  powerful,  with  a  large,  sub- 
quadrate  basal  joint  in  each,  and  a  broad  terminal  **  paddle  '*.  An- 
terior six  abdominal  segments  occupying  together  about  one  fourth 
of  the  entire  body  length,  short,  l)rc)ad  and  nearly  uniform  in  shape. 
Succeeding  six  segments  are  ring-like,  progressively  decreasing  in 
diameter,  thus  causing  a  tai)ering  of  the  body.  Telson  long  and 
slender. 

EuryptertLS  lacustris  Harlan  (Hall.  1859.  Pal.  X.  Y,  3:407*, 
pi.  81,  81  A,  81  r>,  83 r>) 

Distinguishing  characicrs.  Animal  stout;  anterior  portion  of  the 
abdomen  very  broad,  abru])tly  ta])cring  beyond  the  sixth  segment; 
penultimate  segment  (|uadrate.  without  lateral  flanges. 

Verv  abimdant  in  the  W'aterlinie  of  Xortli  IhifYalo. 

Eurypterus    remipes    I)e    Kay     (IMate    iS)     (Hall.     1859.     '^'^'^• 

N.  r.  3:404*,  pi.  80, 80A,  ht,])) 

Distinguishitii^  characters.  Animal  small,  with  lateral  body  mar- 
gins making  broad  outward  curves  and  tai)ering  very  gradually 
backward.     Penultimate  segment  slightly  if  at  all  tlani^ed. 

Occasionallv  in  the  W'aterlime  of  North  lUiffalo. 

Euryptcms  pustulosus  Hall  (iS5(j.  Pal.  X.  Y.  3:413'-',  pi.  831)). 
Eurypterus   g  i  g  a  n  t  e  u  s    J  *<  )hlinan  (  Buffalo  soc.  nat.  sci.  Bui. 

4:41) 

Distinguishing  characters.  ( "ephalothorax  large,  short  and  very 
broad;  eyes  on  the  median  transverse  line;  surface  strongly  ptis- 
tulose. 

A  single  specimen  has  been  recorded  from  the  W'aterlime  of 
North  Buffalo. 


< )  - 


Eurypterus  robustus  Hall,  F-  u  r  y  p  t  e  r  u  s  la  c  u  s  t  i  s  var.  r 
bust  us  Hall   (1859.     /'(//.  A'.  Y.  3:410",  pi.  81C) 

Distinguishing  characters.  T.ike  !•'.  1  a  c  u  s  t  r  i  s.  biu  larger  and 
more  robust,  and  proporti(jnately  narrower  over  the  anterior  ab- 
dominal region. 

Common  in  the  Waterlime  at  North  lUiffalo. 


Eurypterus  pachychiniB  Hall  (1859.    Pat.  A'.  V.  3:412*.  p'-  ^) 
Distinguishing  characliTs.     Similar  toE.  robustus;  may  prove 

identical.     Terminal  joints  of  the  sixth  pair  of  legs  very  broad 
Rare  in  the  Waterlime  at  \orth  UufTalo. 
Eurypterus  dekayi  Hall  (1859.     Pal.  N.  Y.  3;4ii*,  pi.  82) 
Disliiigiiisliing    cluiractrrs.     Proportionally    short    body;    short 

broail  carapace;  anterior  part  of  the  abdomen  very  broad,  posterior 

part  much  contracted.     Penultimate  segment  wttli  elongate  lateral 

flaitges. 

Occasionally  in  the  Waterlime  at  North  Buffalo. 

Genus  DOLicHOPTERua  Hall 

[Ely.;    SoXix'ii,  long;  :tzi/,ti-,,  wing] 

U859.     Pal.  ^^.  v.  y.4H') 

Distinguished  from    Eurypterus  by  having  the  sixth  pair  of 

ccplialothoracic  legs  long  and  narrow,  with  the  last  two  joints  of 

subequal  size.     Mctastoma  elongate  heart-shaped,  as  in    Ptcry- 

golus. 

Dolichoptenu  maorooliirus  H;i11  (1859.     Pu!.  X.  V.  3:414*,  pi.  83, 

83A) 

Distinguishing  cluiracicrs.  Robust,  elongated  body,  long,  straight- 
sided  carapace,  very  anterior  eyes;  strong  and  tiiick  jointed  anterior 
appendages;  extremely  long  sixth  pair  of  legs. 

I'ound  in  the  Waterlime  beds  of  N'orth  Ituffalo. 


flenus  EUSARcus  Grotc  &  Pitt 
[Ety.:  i',,  well;  id,,;,  tlesh  (well-tk-shed)] 
(1875.     Buffalo  soc.  luU.  sci.  Bui.  3:1) 
luirypterids  with   llie  anterior   six   abdominal   segments   greatly 
exiiaiiilcd,  and  ilic  succeeding  ones  abruptly  contracted.     The  ter- 
iniiial  joint  of  tlie  sixth  pair  of  legs  is  not  expande<l. 
Eusarcus  grandis  Grote  &  I'itt  (Buffalo  soc.  luit.  sci.  Bui.  3:17) 
Di.'iliiigui.'iliiug  cliiiriiclcrs.    Large  sij:e,  attaining  a  length  of  2  or  3 
feet.     .Subcyliudrlc  posterior  abdominal  segments. 
In  Ihe  Waterlime  at  Xorlh  Puffalo. 
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Eiuaroiu  soorpionis  Grote  &  Pitt  (Buffalo  soc.  not.  sci.  Bitl.  3:1) 
Distinguishing  characters.     Smaller  than  the  foregoing;  average 

length    about    i    foot.     Appearance    strikingly    scorpioid.     Telson 

strongly  curved. 

In  the  Waterlime  at  North  Buffalo. 

Genus  pterygotus  Agassiz 

[Kty.:    7:T-ffnyo)7o^\  wiugcd] 

(1839.     Murcliis(jn.     Silurian  sysic}iL  p.  605) 

Large,  often  gigantic  cnrypicrids,  with  a  scniiovaic  cephalothorax, 
anterior  marginal  eyes  and  central  ocelli.  The  first  pair  uf  cephalo- 
thoracic  legs  (pre-oralj  very  long,  slender,  terminating  in  large  pin- 
cers or  chelae,  and  probably  prehensile  in  function.  1  behind  the 
mouth  are  four  ])airs  of  slender  walking  legs,  and  behind  these  are 
the  large  swimming  feet,  which  (Hffer  from  those  of  V.  u  r  y  p  t  e  r  u  s 
in  being  less  broadly  expanded  at  the  ends.  'IVlson  an  oval  plate, 
either  terminating  in  a  short  i)rojecting  ])()int  or  bilobed. 

Pterygotus  macrophthalmus  Hall  (1S59.  ral.  X.  )\  3:418*). 
Pterygotus  b  u  f  f  a  1  o  e  n  s  i  s  I 'ohlman  {Buffalo  soc.  nat.  sci. 
BuL  4:17)  and  Pterygotus  a  c  u  t  i  c  a  u  d  a  t  u  s  Pohlman 
{Buffalo  soc.  nat.  sci.  Bui.  4:42) 

Distinguishing  characters.  C.\*phalothorax  subcpiadrate  or  taper- 
ing anteriorly:  eyes  very  large*  and  high,  with  circular  base.  Chelae 
(pincers)  with  angular  front  end:  j)osterior  dciuicles  on  larger  ramus 
inclined  and  serrate. 

In  the  Waterlime  at  Xorth  liuffalo. 

Pterygotus  cobbi  Hall  (1859.  ^'^^^-  ^'  ^'-  3■4I7'^  P^-  ^3^^^-  ^^K-  4^' 
Pterygotus   c  u  m  m  i  n  g  s  i    ( irotc  &  Pitt  (Bufl'alo  soc.  nat.  sci. 

BuL  4:18) 

Distinguishing  characters.  Animal  large:  chelae  (i)incers)  with 
curved  front  ends  and  erect  non-serrate  denticles. 

Rare  in  the  Waterlime  at  Xorth  lUifTalo. 

Pterygotus  globicaudatus  Pohlman  (Bnfi'alo  soc.  nat.  sci.  Bui.  4:42) 
Distinguishing  characters.     Animal  rather  small:  surface  coarsely 
tubercled;  telson  circular  without  median  keel. 

A  single  specimen  from  the  Waterlime  of  Xorth  lUiffalo. 
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DISTRIBUTION  OP  FOSSILS  IN  THE  SILURIC  BEDS 

Sym'f'sis  nf  strata: 

1  L'pper  Medina  sandstones  and  shales 

2  Clinton  lower  shale 

3  Clinton     lower     limestone     (mainly 
lowest  4  feet) 

4  Clinton  upper  limestone  fcrvsialline) 

5  Top  heds  of  Clinton  limestone 

6  Clinton  lens.     Niagara  gorge 

7  Clinton  lens.     R.  W.  &  O.  railroad 

8  Lowest  foot  of  shale 
(J  Shale  3  feet  above  Qinton  limestone 

10  Shale  4  feet  above  Clinton  limestone 

1 1  Shale  5  feet  above  Clinton  limestone 

12  Shale  6  to  8  feet  above  Clinton  lime- 
stone 

13  Shale  19  feet  above  CUnton  limestone 

14  Shale  25  feet  above  Clinton  limestone 
1,15  Bryozoa  beds 

16  LppiT  shales 

17  Lockport  limestones 

18  Waterlime,  UufTalo 

19  ilanlius  limestone 
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Chapter  5 

POST-PLIOCE\E    FOSSILS   OF  THE    NIAGARA   RIVER 

GRAVELS 

BY    ELIZABETH   J.    LETSOX'    DIRECTOR   OF    THE    MUSEUM    OF   THE 
RITFALO   SOCIETY   OF   NATURAL   SCIENCES 

The  post-Pliocene  shells  in  the  gravel  beds  of  the  Niagara  river 
have  long  been  known,  bnt  never  before  been  fully  described.  The 
localities  at  which  shell-bearing  gravels  have  thus  far  been  found 
arc  Goat  island.  Prospect  park.  Queen  \"ictoria  park,  Muddy  creek, 
whirlpool  (both  sides  of  the  river),  and  at  Foster's  flats.  The  shells 
occur,  generally,  intimately  mixed  with  the  sand  and  gravel,  show- 
ing that  they  were  transported  to  the  present  localities  by  currents 
and  eddies.  The  same  action,  taking  place  in  recent  tiines,  may  be 
witnessed  at  the  lower  end  of  Goat  island,  where  the  dividing  water 
washes  the  shells  into  the  pockets  and  crevasses  in  the  rock.- 

Tlie  following  table  shows  the  distribution  of  these  shells  in  the 
various  deposits,  and  also  where  these  forms  may  be  found  living 
todav. 
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■4  I..  calu3CO]iimii  .Say '^ 

15  I'hysa  heierosiropha  Say « 

■6  I'Utiorbis  bicarinalus  Say. ..     x 

■-1 |-- 

» 

'I  \\\^h  to  ai-kmiwlctlge  licrc  my  obligations  to  Prof.  Henry  .A.  Pilsbry, 
Wr  Bryant  Walktr  and  Dr  V.  Stcrki.  for  valuable  assistance  and  advice 
jiven  in  tht  [irqiaralion  01  tbis  cliapter. 

'See  also  Chapter  2,  Goat  island  gravels. 
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i8  SphurinmicriatinarnCLani.) 
19  S.  sUminenm  (Conrad) 

30  Pisidium  virgrnicum  liourc-. 

31  P.  compressom  Prime 
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33  P.  ullra-momaniim  Prime... 
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1 
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«  Lampsilis  rectns  (l.am.) 

26  L.  ertipsifoimisCConra.!)-- 

27  Alasmidouta  culceola  ( I*!i)  . 

aS  A.  iruncflifl  (Wright) 

29  Unio  gibbosus  Borne?     --. 

"V 

I 

;  ■"- V 

' 

31  g.  coccinea  (Conrad) 

' 

" 

n  Lime  lake. 

Class  fiASTROPODA   C 

Genus  PLEUROCERA  iiafinL'S(|' 

Shell  length  CI  led  aii<l  conical,  a])eriiirc  m< 

a  short  spout  or  < 


eratelv  prolonged  i 
trout.     Tiic  colunu-ila  is  not  thickened. 


Flenrocera  snbnlare  I,ea  (l-"ig.  161)  triiiii-.t.  .uic.  Tr 
Shell  large  and  heavy,  elevated  ami  turreted,  having 
actite  apex;  nine  to  11  whirls,  llal,  shouldered  at  tiie 
ture,  which  is  impressed;  horly  whorl  surrounded  hy  tii 
ridges,  the  middle  heing  the  most  prominent:  aperl 
small,  lip  thin,  folding  back  over  the  cohnnella  and  eo\ 
ing  the  umbilical  tract. 
Locality.     Goat  island. 


Genus  ooNioBASis  I,ea.     iRfc  *"' 

Shell  heavy,  elongated  or  ovale,  aperture  plain,  slightly  angulatcd 
in  front. 

Ooniobuii  livesceni  (Mcnke)  Tyron      1873     (Pig.   J62).    AI  e- 
lania      livcscens      Menke        f  1830.       Syii.     iiiclh.     p,     135) 
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Goniobasis  livescens  Tryon     (1873.     Smith,  Misc,  coll,  no, 
253,  p.  248) 

Shell  oblong  and  ovate;  six  or  seven  whorls;  early  volu- 
tions slightly  keeled;  spire  acute;  sutures  impressed; 
whorls  convex  and  crossed  by  plainly  marked  growth 
lines;  lip  moderately  thin,  and  thin  callous  on  the  colum- 
ella, 

Fig.i62Gon-     Tliis  is  the  most  common  of  all  the  shells  occurring  in 

iobahls     live- 

•cens  these  deposits  along  the  Niagara  river;  it  is  subject  to 

great  variation. 

Localities.     Goat  island,  Prospect  park.  Whirlpool,  etc. 

Goniobasis  livescens  var.  niagarensis  (Lea)  Tryon  1873  (Fi&- 
163).  Melania  niagarensis  Lea  (1841.  Philos.  soc,  Phil. 
Free,  2:12).  Goniobasis  livescens  var.  niagarensis 
Tryon    (Smith.  Misc.  coll.  no.  253,  p.  248) 

Shell  conic,  obtuse,  thick  and  smooth;  spire  short,  whorls  five  or 
six,  surrounded  by  a  sharp  keel,  which  clearly  marks  the  suture; 
aperture  elliptic;  lip  thin;  columella  slightly  calloused. 

Prof.  H.  A.  Pilsbrv,  who  examined 
these  shells,  writes:  ''This  remarkable 
form    differs    from    G.    livescens, 
and  var.   n  i  a  <^  a  r  e  n  s  i  s  ,    in  the  per- 
sistence of  the   periplicral   keel  to  the      ^^^  ^^3  ^^^,^^^  ^^.^ecns  ^'ar. 
adult  stai^c.  producing  a  shell  contour    "^wrensis 
similar  to   A  n  c  u  I  o  s  a    c  a  r  i  n  a  t  a;  it  has  not  hitherto  been  de- 
scribed or  noticed  in  conchological  literature,  and  would  be  entitled 
to  specific  rank  were  it  not  connected  by  intermediate  forms  with 
var.    niagarensis". 

Locality,     (ioat  island. 

^  Goniobasis    haldemani    Tryon      1865     (Fig.    164).     G. 

p       h  a  I  d  e  m  a  n  i   Tryon.     (1865.     Am.  jour,  conch.  1 138) 

t-*  Shell  elongated,  narrow  and  rather  thin;  eight  or  nine 

ir      whorls,  which  are  flat,  smooth  and  separated  by  a  slightly 
impressed  suture:  aperture  small,  subrhomboidal;  lip  thin, 
Fig.    164   moderately  incurved  on  the  columellar  side. 

Goniobasis 

haldemani       j^^-^^  graceful  shcll  is  very  scarce  and  is  not  represented 
in  the  recent  fauna. 
Locality.     Goat  island. 
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Genus  amnicola  Gould  &  Haldcman.     1841 

Shell  small,  short,  subj2:lol)ular,  and  ovate:  spire  obtuse;  shell 
smooth,  thin  and  perforate;  aperture  ovate;  lip  thin;  operculum 
corneous. 

Amnicola  limosa   (Say)    1  laid.      1H44.      1*  a  1  u  d  i  n  a    1  i  m  o  s  a 

Say       (1817.       Acad,  luit.  sci.  Phil.  Jour.   1:125).       Amnicola 

limosa   Haldeman     (1844.     .Uo/Zf^i^n//'// pi.  1,  fi^.  5,  6) 

Shell  small  and  conic:  whorls  four,  rapidly  diminishing:  ai)cx 
acute,  suture  deep:  umbilicus  narrow  and  dec]);  surface  smooth;  re- 
cent specimens  show  f^rowlh  lines:  ai)erture  oval,  slightly  angulaied 
at  the  junction  of  the  body  whorl:  lip  simple. 

Found  in  the  gravel  \nt  on  Goat  island. 

Amnicola  letsoni  Walker      upi     ( I^g.  165) 

A.    letsoni   Walker   ( l^\'l).  upi.     Xautilns) 

Shell  small,  c-levated  and  thick;  whorls  four  or  five,  more  or  less 

flattened,  and   inclined   to  be   shouldered:   suture   deep; 

spire  short,  less  than  one  third  the  entire  length;  ai)ex 

obtuse;  aperture  small  and  oval,  angle<l  above,  rounded 

below,  flattened  on  the  i)arietal  margin;  lip  thick  and  free 

from  contact  with  the  bodv  whorl.  Fig.  i65  Am- 

nicola letsoni 

Localitv.     Goat  island.  ^"^ 

In  his  notes  Mr  Walker  hays:  '*  A  m  n  i  c  o  1  a  s  h  e  1  d  o  n  i  Pils. 
is  the  only  species  with  which  this  can  be  comjiared.  I'lie  i)resent 
species  is  to  be  (listin<^uislu(l  l>y  it>  tlattened.  shouldered  whorls, 
deeper  suture  and  more  acuminate  spire.  Six  mature  exami)les 
were  found,  which,  tliough  dilYering  somewhat  in  the  relative  i)ro- 
portions  of  length  and  width,  are  as  a  whole  (juite  uniform.  In  four 
of  them  the  peristome  is  distinctly  se])arated  from  the  body  whorl; 
in  one,  while  continuous,  it  is  so  close  as  to  l)e  almost  adnate,  while 
in  the  remaining  si)ecimens  tlie  ])arietal  margin,  although  somewhat 
broken,  seems  to  have  been  ai)pressed  to  the  body  whorl  for  a  short 
distance.  Associated  with  these  specimens  were  two  other  ex- 
amples quite  similar,  but  nu^?h  more  cylindrical  in  the  outline,  less 
solid,  and  with  the  aperture  less  angled  posteriorly.  Neither  is 
quite  mature,  judging  from  the  thinness  c^f  the  lij).  In  view  of  the 
<:onsiderable  variation  in  these  particulars  in  other  well-known 
species  of  the  genus,  such  as  Amnicola  1  u  s  t  r  i  c  a  Pils.,  and 
of  the  few  specimens  now  at  hand,  it  is  not  deemed  advisable  at 
the  present  time  to  do  mcjre  than  call  attention  to  the  fact." 

What  may  prove  to  be  other  species  of  Amnicola  has  been 
iound,  but  too  badly  worn  to  justify  description. 
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Genus  bythinella  Moquin-Tandon.     1855 
Shell  elongated  and  pyriform;    imperforate;   apex  obtuse;    aper- 
ture oval;  lip  simple;  operculum  corneous. 

Bjrthinella  obtusa  (Lea)  Binney      1865    (Fig.  166).    P  a  1  u  d  i  n  a 
o  b  t  u  s  a    Lea    (1844.     Philos.  soc.  Phil.  Trans.  9:13).     B  y  t  h  i  n  - 
^.        ella    obtusa    Binney    (1865.     Smith.  Misc.  coll.  no. 
144,  p.  70) 

Shell    small,    subcylindric,    comparatively    thin;    five 

whorls;  spire  very  short,  giving  the  shell  a  truncated  ap- 

thTnliiiT  oJ."  pearance ;   apex    obtuse ;    sutures   well    defined ;   delicate 

tusa.  x3        growth   lines  may  be  seen  with  a  lens;  the  aperture  is 

small  and  round;  the  umbilicus  narrow  and  deep. 

Found  in  the  Goat  island  gravel  pits. 

Genus  pomatiopsis  Tryon.     1862 

Animal  with  a  broad,  short  foot,  and  short  pointed  tentacles. 
Shell  ihin  and  smooth,  having  a  produced  spire;  aperture  oval,  and 
provided  with  an  operculum. 

Pomatiopsis  lapidaria  (Say)  Tryon     1862  (Fig.  167).     C  y  c  1  o  s  - 

t  o  111  a    lapidaria  Say  (1817.     Acad.  not.  sci.  Phil.  Jour.  1:13). 

P  o  ni  a  t  i  o  ])  s  i  s      lapidaria    Tryon     (1862.     Acad.    nat.    sci, 

Phil.  Proc.  p.  452) 

Shell  conic;  spire  high,  seven  whorls,  well  rounded  and  trans- 
versely  wrinkled;   sutures   impressed;   aperture   rounded 
and  about  one  third  the  length  of  the  shell;  subumbilicate.         /i 

l^'ound  at  I^'oster's  flats.       This  species  is  not  found  in      C'^ 

any  of  the  other  deposits. 

The  localitv  at  rooster's  flats,  where  this  little  shell  is 


^ 


found,  is  just  below  the  old  fall.     At  the  present  time,  the    pj^^  j^^  p^,. 

11  1-  r  1-1      :  -1  .1  r  I-  1  TOattopsls  lapl- 

only   locality    for    r.   1  a  j)  1  d  a  r  1  a    thus   far   discovered  daria.  xs 
along  the  river  is  on  the  rocks  in  the  constant  rain  of  spray,  behow 
the  present  fall. 

Genus  valvata  Aliiller.     1842 

Animal  with  a  bilobed  foot,  simple  mantle  and  feather-like  gills, 
protected  by  a  long,  slender  respiratory  lobe.  The  shell  is  discoidal, 
has  a  deep  umbilicus  and  is  provided  with  an  operculum. 
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Valvata  tricarinata  Say  1822  (Fig.  168).  Cyclostoma 
tricarinata  Say  (1817.  Acad.  nat.  sci.  Phil.  Jour,  i  iij).  \'  a  1  - 
vata  tricarinata  Say.  (1822.    Acad.  mit.  sci.  Phil,  Jour.  2 1173) 

Shell  with  four  whorls,  bcarinp^  three  prominent  cari- 
nae;  growth  lines  low  and  indistinct;  suture  well  im- 
pressed; umbilicus  large  and  deep,  showing  the  whorls 
to  the  apex ;  revolving  lines  or  carinae  placed  one  on  the 
upper  edge,  one  on  the  lower  edge,  and  one  on  the  base.    fik.  m   vai- 

Found  in  Goat  island  gravel  pits.  As  a  recent  shell,  ;?'* ''^"'*'^°*^ 
it   is  very   common   in   the   river  and   its   tributary    streams. 

Valvata   sincera    Say    ( Fig.    175).     \'  a  1  v  a  t  a    s  i  n  c  e  r  a    Say 

{Lj)ngs  expedition,  p.  264,  pi.  15.  tig.  11) 

This'  shell  is  more  gl()])()se  than  the  foregoing  and 
has  four  whorls,  roundeit  and  finely  wrinkled;  aperture 
round,  not  diminishing  in  thickness  at  the  point  of 
contact;  umbilicus  large,  exhibiting  the  whorls  to  the 
apex. 

•inclriL^^**^*'*      r'ound  associated  with    \'.   t  r  i  c  a  r  i^n  a  t  a    in  the 
gravel  on  Goat  island. 

V.  s  i  n  c  e  r  a  is  not  found  in  Xiagara  river  at  the  present  time, 
nor  is  it  found  in  the  immediate  vicinity.  Lime  lake  is  the  only 
locality  within  a  radius  of  50  miles  kntnvn  to  the  writer  for  this 
species. 

Genus  campeloma  Rafines(|ue 

Animal  with  a  large  foot;  head  of  moderate  size,  situated  some- 
what back  from  the  end  of  the  foot.  Shell  thick  and  solid,  oval; 
spire  somewhat  produced;  surface  smooth  and  rounded;  lip  simple 
and  continuous;  columellar  side  entirely  ccjvers  the  um- 
bilicus. /\ 


Campeloma  decisa  Say      1817    (iMg.  170).     L  i  m  n  a  e  a    ; 
d  e  c  i  s  a  Say  (1817.     Xich.  cue.  ./;//.  cd.  i) 

Shell  imperforate  or  nearly  so,  oval  with  a  smooth  sur-^'/g^Jj^^'J^^^: 
face;  whorls  five,  rounded,  last  whorl  slightly  shouldered*** 
at  the  suture;  aperture  oval;  lip  simple  with  a  callus  on  the  colum- 
ellar side. 

Locality.     Goat  island  gravel  pit. 

Genus  limnaea  Lamarck.     1798 

Animal  provided  with  a  broad  head  and  flattened  triangular  ten- 
tacles; mantle  thickened  in  front;  foot  broad  and  flat.  Shell  dex- 
tral^  spire  oblong;  aperture  large  and  wide;  the  outer  lip  is  simple, 
the  inner  has  a  fold  on  the  columella. 
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This  genus  is  well  represented  among-  the  recent  shells  in  this 
vicinity.     They  may  be  found  in  all  the  streams  tributary  to  the 
Niagara. 
Limnaea  columella  Say      1817     (Fig.   171).     L.     coluniL-lla 
Say   (1817.     Acac!^  mit.  sci.  ['hi!.  Jour.  1  :i4) 

This  is  a  very  thin,  fragile  shell  having  four  wborls. 
rapidly  diminishing,  separated  by  a  distinct  but  not 
deeply  impressed  suture;  aperture  targe,  more  than  one 
balf  the  length  of  the  shell;  lip  simple,  and  surface 
viit  ni  Lim- ''^"ff'*'^'^'"^"^'  '^•'inl^l^ci  ''>*  growth  lines. 
Qicft  cu  omeiiB  Locality.  Goat  island  gravel  pits- 
Only  one  specimen  of  this  species  was  found,  leading  me  to  be- 
lieve that  it  was  an  uncommon  shell  in  early  post-Pliocene  times,  as 
it  is  at  the  present  time,  Lime  lake  being  the  only  locality 
in  this  vicinity  where  the  recent  shell  occurs. 

Limnaea  desidiosa  Say      1S21     (Fig.   172).     L.     de- 
s  i  d  i  o  sa  Say      (1821.     Acad.  nat.  sci.  Phil.  Jour.  2:169) 
Shell   oblong   and   subconic,   with    five   verv   convex 
whorls;    suture    deeply    impressed;   last   whorl    slightly 
.swollen;  slight  growth  lines  visible  with  a  lens.  vl^t'  j^nuom 

Localities.     Goat  island,  Whirlpool  and  Foster's  flats. 
This  is  the  most  common  Limnaea  found  in  these  deposits. 
Limnaea  catascopium  Say      1817     (Fig.  '73)'     L.    catascop- 
^      i  u  m    Say  {1817-iy.     Kich.  cm:  Am.  ai.  p.  it.  fi;,'-  ,1-      1834. 
/■"J    Am.  conch,  v  6.  pi.  v.  fig.  2;  1841.     llaldcman.     Moiwgraph 

^•^  Shell  thin,  sculptured  .spirally  by  delicate  lines,  giving  it 
""'im-uMtTa  very  beautiful  appearance  under  the  lens;  growth  lines 
bi'cipium  i^(.^.jyy  at  the  suture,  making  slight  plientions:  whorls  four 
or  five,  decreasing  to  an  acute  a]>e.\;  aperture  about  three  quarters 
the  length  of  the  shell;  lip  simple,  folding  back  on  the  columcllar 
side  and  leaving  a  narrow  umbilicus. 

Localities.     Goat  island.  Whirlpool  and  Foster's  dais. 

Genus  physa  Draparnaud 

The  animal  of  Physa  is  triangular  in  general  shape;  tentacles 
slender  and  setaceous;  mantle  covers  part  of  the  shell,  the  margin 
folding  over  tlie  body  whorl  in  a  fringe.  The  shell  i,';  sinistral,  thin, 
with  an  acute  spire;  body  whorl  large,  inflated  and  the  aperture 
large  and  oval;  lip  simple. 
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Physa  heterostropha  Say      1821     (Fig.  174).     L  i  mn  a  e  a    li  e  - 

terostropha    Say  (1817-19.     Nich,  cue.  Am,  cd.  pi.  i,  fig.  6). 

Physa    heterostropha    Say     (1821.     Acad,  nat, 

set.  Phil.  Jour.  2:172) 

Shell  oval  and  smooth,  sinistral;  whorls  four,  the  first 
large,  the  others  very  small  and  terminating  in  an  acute 
apex;  aperture  large  and  oval,  about  half  the  length  of  the 
shell;  outer  lip  a  little  thickened,  inner  lip  folded  back  on    pijrmphvsa 
the  columella,  forming  a  slight  callus.  hjterostropW 

Localities.     Goat  island.  Whirlpool  and  I'\:)sler's  flats. 

(icnus  PLANORBis  Gucttard.     1756 

The  animal  of  P  1  a  n  o  r  I)  i  s  has  a  broad  foot,  and  long  slender 
tentacles.  The  shell  is  dexlral  and  discoidal;  the  spire  depressed, 
and  the  whorls  numerous  and  visible  on  both  sides;  the  aperture  is 
transversely  oval,  with  a  thin  11]). 

Planorbis    bicarinatus    Say      1 8 1 7     ( I'ig.    175).       1 M  a  n  o  r  b  i  s 

bicarinatus    Say    (1817-19.     Xicli.  inc.  Am.  cd.  pi.  i,  fig.  4) 

Shell  sinistral;  sharply  carinated  on  both  sides; 
all  the  whorls  may  be  seen  from  either  side;  aper- 
ture vaulted  above,  angulated  below;  surface 
wrinkled  with  growth  lines  at  regular  distances  and 
surrounded  by  fine  revolving  striae. 

Fig.  175  Planorbis  bl-       j  ,.^  »>  ,  -j         •        ^i  i  r^       . 

MTinatus.  x2  Locality,     i-ound    only    in    the   gravel    on    Goat 

island. 

Planorbis    parvus    Say     181 7     (iMg.    176).       \\    j)  a  r  v  u  s    Say 

(1817-19.     Nich.  cue.  Am.  cd.  \)\.  i,  fig.  5).     P.   ])  a  r  v  u  s       ^--, 

Say   (1865.     Smith.  Misc.  coll.  no.  144,  p.  133)  (  ((i\ 

Shell  small,  with  four  whorls    crossed  by  wrinkles  or 
growth   lines;   concave  above  and   below;   body   whorl    pig.  1-6  pian- 
slightly  swollen ;  mouth  oblique,  with  the  lip  simple. 

Localitv.     Goat  island  and  1^'oster's  fiats. 


orbis  parvus.  x2 


Class  PELi:CVPODA  Goldfuss 

Genus  sphaerium  Scopoli.     1777 

General  shape  of  the  animal  oval,  margins  plain,  united  behind 
and  ending  in  two  short  siphons,  which  are  joined  at  their  base; 
mouth  oval  and  small;  gills  broad  and  unequal,  the  inner  ones 
largest;  the  foot  tongue-shaped,  triangular,  flattened  and  very  ex- 
tensible.    Shell  thin,  oval,  often  inflated,  with  prominent  beaks; 
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hinge  margin  narrow,  cardinal  teeth  ver\'  small  or  rudimentary,  one 
of  them  more  or  less  bifurcated,  one  cardinal  tooth  in  the  right  and 
two  oblique  ones  in  the  left  valve;  lateral  teeth  compressed  and 
lamclliform,  the  anterior  shortest;  ligament  short;  margins  plain; 
muscular  impressions  scarcely  apparent  and  pallial  line  simple. 

Sphaerium  striatinum  (Lam.)  Prime    1865  (Fig- 

^77)'       Cyclas    striatina    Lamarck  (1818. 

Animaux  sans  vcrtcbics,  5 :56o).     Sphaerium 

striatinum    Prime    (1865.     Smith.  Misc.  coll. 

no.  145,  p.  2>7) 

Shell  slight,  moderately  elongated,  somewhat 
compressed,  and    inequilateral;    anterior   margin 

Fig.  177 Sphaerium striati- rounded;  bcaks   full,   not  much   raised  and  not 

sculptured;  sulcations  slight  and  irregular;  hinge 

line  curved;  cardinal   teeth  small,  double,  and  of  the  same  size; 

lateral  teeth  larger,  but  not  very  prominent. 

Localities.  Found  in  all  the  deposits  on  Goat  island,  Foster's 
flats,  etc. 

This  little  bivalve  is  very  common  in  the  river  at  the  present  time. 
It  is  not  difficult  to  understand  how  these  shells  were  deposited,  if 
one  studies  the  life  and  habits  of  the  recent  forms.  The  streamlets 
passing  among  the  rocks  that  form  the  Duflferin  islands  will  be 
found  to  contain  hundreds  of  these  small  shells.  The  bottoms  of 
the  pools  formed  by  eddies  are  white  with  the  accumulation  of  dead 
shells,  in  such  quantities  that  they  may  be  taken  up  by  the  shovelful. 

Sphaerium  stamineum  (Conr.)  Prime  1865  (Fi§^-  IJ^).  Cyclas 
s  t  a  ni  i  n  e  a  Conrad  (1834.  Ain.  jour.  25:342).  Sphaerium 
s  t  a  ni  i  n  c  u  ni    Prime      (1865.     Smith.  Misc.  coll.  no.  145,  p.  38) 

Shell  oval,  full  and  inequilateral;  anterior  end 
abrupt;  posterior  end  somewhat  distended;  beaks  6^' .<v^9^  \< 
full,  prominent  and  sometimes  sculptured;  striae 
heavier  than  in  the  foregoing  species;  hinge  mar- 
gin more  curved;  cardinal  teeth  double,  and  not 
very  distinct;  lateral  teeth  stronger. 

In  this,  as  in  the  preceding  species,  specimenSgJI^inJJ^  sphaerium 
frequently  occur  in  which  the  hinge  is  reversed. 

Localities.     Goat  island.  Prospect  park,  and  near  the  Whirlpool. 

Recent  species  of  this  interesting  group  of  fresh-water  bivalves 
abound  in  Niagara  river  and  its  tributaries.  While  they  prefer  the 
soft  mud  at  the  bottom,  they  are  frequently  found  attached  to  the 
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lower  side  of  branches  and  floating  debris,  where  they  may  be  seen 
moving  about  by  means  of  the  long,  flexible  foot. 

Genus  pisiDiuM  Pfeiffer.     1821 

The  animal  closely  resembles  that  of  the  foregoing  genus,  but  the 
siphons  are  united  to  the  end,  those  in  S  p  h  a  e  r  i  u  m  being 
separated  and  more  elongated.  The  shell  is  trigonal  or  rounded 
oval;  the  cardinal  teeth  are  very  small  and  double,  at  times  they  are 
united  and  are  situated  directly  under  the  beaks;  the  lateral  teeth 
are  elongated,  lamelliforni,  double  in  the  right  valve,  single  in  the 
left;  the  ligament  is  always  on  the  shorter  side. 

Pisidium  virginicum  ((inielin)  TxHirg.     1853    (iMg.  179). 
lina    virgin  ica    (inielin    (17SS.     ?     p.   3236.   ])1. 
159,  fig.    15).     IM  s  i  d  i  u  ni    v  i  r  g  i  n  i  c  u  ni     r>ourg. 
(1853.     Aw.  Malac.  1 153) 

This  is  the  largest  Pisidium  found  in  this  region; 
it  is  thick  and  obli(|ue;  anterior  side  verv  nuich  longer, 

*  '  .  Fig.  179  Plsldlum 

narrower  and   more  rounded  than   the  ])osterior  side,  '^•'•Kiuicum.  x3 
the  latter  being  much  broader  and  well  nnmded;  beaks  prominent 
and  posterior;  striae  coarse;  hinge  broad  and  with  two  large  cardinal 
teeth;  laterals  small  and  delicate. 
Locality.     Goat  island. 

Pisidium  compressum  Prime     1851    (Fig.  180).  P. 

c  o  m  ])  r  e  s  s  u  m    Prime  (1851.     Bost.  soc.  nat.  hist. 

Proc.  4:164) 

Shell  solid,  triangular  and  somewhat  attenuated  at 
the  beaks,  which  are  inflated;  anterior  side  longer, 
Pig.   180  Pisidium  narrower  and  more  produeed  than  the  posterior;  the 

latter  subtruncate;  beaks  not  much  innated;  striae 
distinct  and  regular;  hinge  thick,  having  strong,  short  teeth;  cardi- 
nals compressed;  laterals  placed  at  an  obtuse  angle  with  the  hinge. 

Locality.     Goat  island. 

Pisidium     abditum     Ilald.     1841     (Fig.  181).     P. 

Haldeman  (1841.     Acad.  nat.  sci.  Phil  Proc.  1:53) 

Shell  rounded,  oval  and  very  thin,  somewhat  elon- 
gated, beaks  small,  not  inflated  and  placed  posteriorly; 
surface  smooth,  the  growth  lines  being  indistinct ;  hinge 
nearly  straight;  cardinal  teeth  small,  the  anterior  tooth 
being  larger  and  more  prominent;  the  lateral  teeth  not  fjk.isi  pisidium 
much  elongated. 

Locality.     Goat  island. 


a  b  d  i  t  u  m 


abditum.    x3 
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PiBidinm  nltramontamim  Prime      1865     (Fig.  182).     P.  ultra- 
montanum    Prime  (1865.     Smith.  Misc.  coll.  no. 
145.  P-  75) 
Shell  solid,  oval  or  suborbicular,  and  remarkably 
nipressed;  anterior  side  much  produced  between 
the  extremity  of  the  lateral  teeth  and  the  junction  with 
the   basal   margin;   posterior   margin   well  rounded; 
Fig.   1S3  ptawiumbcaks  small  and  only  slightly  raised  above  the  outline 
of  the  shell;  the  striae  very  fine  and  even,  and  the 
hinge  line  straight. 
Locality.     Goat  island. 

Fisidium  scutellatam  Sterki.     1896  (Fig.  183).     P.   scuteHa- 
t  u  ni  Sterki  (1896.     .\aulilus,  10:66) 

Shell  high,  obliijue,  slanting  downward  anteriorly, 
well  rounded  and  rather  strongly  inflated;  beaks  pos- 
terior, rather  large  and  prominent,  margins  well  curved,  y,g^  isspni. 
the  surface  polished,  having  irregular  growth  lines;  thCt^"  Kuteiia- 
hinge  fine  and  short;  cardinal  teeth  lamellar,  the  one  in 
the  right  valve  moderately  curved,  its  posterior  end  being  thickest; 
the  inferior  in  the  left  valve  curved;  the  superior  almost  straight; 
the  lateral  teeth  very  short,  abrupt,  pointed  and  thin,  projecting 
somewhat  into  the  cavity  of  the  shell. 
Locality.     Goat  island. 

Genus  LAMPSiLia  Rafinesi|Ui'.     1820 
Shell  inflated,  rather  thin,  and  shining,  sometimes  having  a  pos- 
terior ridge;  sculpture  c 

lampsilis    rectus    (Lam.)      Smitli      1899    (Fig.    184).      U  n  i  o 


Fig.  131  Lanp9l1i9  rectng 

recta   Lamarck   (1S19.     ^iiiiiiaii.v  sans  vcrlcbrcs,  6:74)     Lamp- 
si  I  u  s  rectus  Smith  (1899.   I'.  S.  Hslt  coin.  Biil.  p.  290} 
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Shell  large,  oblong,  ovate,  compressed  and  comparatively  thin; 
surface  regularly  and  smoothly  marked  by  growth  lines;  anterior 
end  rounded,  posterior  end  slightly  angulated;  dorsal  margins 
straight  or  nearly  so,  hollowed  a  little  back  of  the  beaks;  ventral 
margin  straight ;  adductor  muscle  impressions  well  defined ;  cardinal 
teeth  not  large,  two  on  the  left  valve  and  one  on  the  right;  lateral 
teeth  delicate;  beak,  in  present  specimen,  smooth,  slightly  sculptured 
in  recent  specimens. 

Locality.     Goat  island. 

Lampsilis    ellipsiformis    (Conrad)    Simpson      1900      (Fig.    185). 

U  n  i  o     ellipsiformis     Conrad     ( 1836.       Mon(>i:;ra[^li,    8:60) 

U  n  i  o    s  p  a  t  h  u  1  a  t  u  s    Lea  ( 1845.     ./;;/.  f^liilos.  soc.  Proc.  4:164) 

Lampsilis   c  11  i  p  s  i  f  (j  r  ni  i  s   Simpson  (  k/x).     U.  S.  nut.  iiiiis. 

Proc,  22:557) 

Shell  oblong,  very  compressed,  rounded  both  anteriorly  and  pos- 
teriorly;  surface   slightly   roughened   by   the   growlli    lines;   dorsal 


Fig.  185  Lampsilis  elllpslforrnls 

margins  curved;  ventral  margins  angulated  toward  the  posterior 
end;  anterior  adductor  muscle  impression  deep  and  triangular, 
slightly  pitted;  posterior  muscle  scar  broad  and  oval,  showing  the 
ray-like  growth  lines;  hinge  area  l)road  and  Hat;  teeth  strong, 
both  cardinal  and  lateral,  there  being  two  cardinal  teeth  in  each 
valve,  two  lateral  teeth  in  the  left  valve  and  one  in  the  right;  hinge 
area  between  the  cardinal  and  lateral  teeth  broad  and  very  slightly 
undulated;  pallial  line  well  impressed;  beaks  low,  showing  no  sculp- 
ture, though  recent  specimens  show  delicate  waves  or  ridges. 

Locality.     Found  in  Prospect  park  by  Prof.  Irving  P.  Bishop. 
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Genus  alasmidonta  Say.     i8i8 

The  shell  is  ovate,  solid  and  inflated,  shining,  with  strong  beak 
sculpture.  Cardinal  teeth  thick  and  strong;  the  laterals  are  short, 
sometimes  not  present. 

Alaamidonta  calceola  (Lea)  Simpson  1900  (Fig.  186).  Unio 
calceolus  Lea  (1S30.  Philos.  soc.  Trans.  3:265).  Alas- 
^^^x  m  i  d  o  n  t  a    c  a  1  c  e  o  1  a   Simpson     (igoo.     U.  S. 

■  "'TTlf-       ""'-  '""•*■  ^'''"^-  22:668) 

(      '       '^  ]  Shell  small,  solid  and  inflated;  surface  smooth; 

'       -^      anterior   end    roiuided;    posterior    end    triangular; 

Fig  196  Aissinidoiita  '^O''^^'  margin  oval  X(t  the  umbo,  whence  it  has  a 
Miceoia  deep  inward  curve,  back  of  and  under  the  beak; 

ventral  margin  straight;  muscle  impressions  deep  and  well  defined; 
pallial  line  clear;  beaks  prominent,  inflated,  more  or  less  sculptured. 

Locality.     Goat  island. 

Alaamidonta  trnncata  (Wright)  Simpson  1900  (Fig.  187), 
M  a  r  g  a  r  i  t  a  n  a  m  a  r  g  i  n  a  t  a  var.  t  r  u  n  c  a  t  a  Wright 
(1S98.  Kaiitihis.  11:124).  A  1  a  s  ni  i  d  o  n  t  a  truncata  Simp- 
son   (1900.     U.  S.  iiat.  mils.  Proc.  22:671) 

Shell  elongated,  quadrangular  and  heavy ;  surface  marked  by  dis- 
tinct growth  lines,  which  are  crossed  by  transverse  wrinkles  on  the 
posterior  slope;  posterior  end  angulateil;  anterior  end  rounded;  dor- 


rig,  isr  Alssmldi 


sal  margin  curved  outward  at  the  umbo ;  ventral  margin  straight  or 
nearly  so;  muscular  impressions  deep,  particularly  the  anterior  ad- 
ductor; pallial  line  distinct;  beaks  targe,  prominent  and  incurved. 
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having  groove-like  sculpture.     There  are  three  cardinal  teeth,  one 
in  the  right  and  two  in  the  left  valve;  the  lateral  teeth  are  strong. 

Localitv.     Goat  island. 

Genus  unio  Retzius.     1788 

The  shell  is  inequilateral,  elongated,  rounded  in  front  and  pointed 
behind,  with  a  slight  posterior  ridge ;  beaks  full,  slightly  sculptured ; 
surface  smooth. 

Unio    gibbosus     l>arnes      1S23     (  Imi;.    188).      L'  n  i  o    n  a  s  u  t  a 

Lamarck     (1819.     Animanx  sans  7'crtcbrcs,  ^^'-/S^-     Unio    gib- 

bosus   Barnes     (1823.     .Im.  jour.  sci.  6:262) 

Shell  solid,  ovate  and  elongated;  rounded  at  the  anterior  end, 
angulated  slightly  at  the  ])c)sterior;  dorsal  margin  straight  or  nearly 
50;  ventral  margin  oval;  muscle  impressions  deej)  and  well  defined; 


^.. 


■■'■■•'VKV?-^ 


■■  ■'."  "  1 


>.  •, 


'.-  .>;,'■'-' 


Fig.  1^8  Uiilo  glbbosus 

teeth  large  and  strong,  the  left  valve  having  two  cardinals,  and  two 
laterals:  growth  lines  coarse;  ])allial  line  dee])  and  clear;  beaks  turn- 
cated  and  slightly  sculptured,  the  sculpture  consisting  of  two  or 
three  strong  ridges  running  parallel  to  the  growth  lines. 

Found  in  nearly  all  the  localities.     This  species  seems  to  have 

been  the  most  common  of  the  Unios. 

Genus  quadrula  Rafinesque.     1820 

Shell  thick,  heavy  and  solid ;  teeth  large  and  strong. 

ftuadmla    solida    (Lea)    Simpson       1900    (Fig.     189).      Unio 

s  o  1  i  d  u  s     Lea     (1838.       Phil.  soc.  Trans.  6:13).       Quadrula 

solida  Simpson     (1900.     U.  S.  nat,  vius.  Proc.  22:789) 

Shell  oval,  solid  and  thick,  surface  marked  by  concentric  growth 
lines;  anterior  end  rounded;  posterior  end  slightly  angulated;  dorsal 
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margin  oval;  ventral  margin  sloping  inward  toward  the  posterior 
end ;  muscle  impressions  deep,  anterior  adductor  muscle  scar-pitted ;. 
cardinal  teeth  large  and  heavy;  laterals 
strong  and  straight  or  nearly  so,  with 
deep,  wide  impressions;  beaks  large  and 
prominent,  showing  no  sculpture, 
j  Locality.  From  excavations  in  Pros- 
;  pect  park. 

Qnadmla   coccinea    (Conrad)  Simpson 
1900    (Fig.  190).    Unio   coccineus 

^^ .-^  Conrad       (1836.        Monograph,       3:29) 

ng.  199  quadrnu  wiMa  Quadrula      coccinea      Simpson 

(1900.     U.  S.  nat.  mils.  I'roc.  32:788) 

Shell  quadrate,  oval,  thick  and  heavy,  somewhat  compressed  pos- 
teriorly ;  anterior  end  oval ;  posterior  end  produced,  angulated ;  dor- 
sal Aiargin  oval;  ventral  margin  rounded  anteriorly,  produced  and 
pointed  at  the  posterior  end;  the  anterior  adductor  muscle  impres- 
sion deep,  pitted  above,  triangular,  showing  radiating  lines;  pos- 


terior adductor  impression  somewhat  indistinct;  cardinal  teeth  large 
and  strong,  double  in  each  valve;  laterals  strong,  blade-like,  two 
in  the  left  valve  and  one  in  the^^ight:  beaks  large,  produced,  show- 
ing no  sculpture,  and  widely  incurving;  dorsal  margin  excavated  at 
the  umbones;  surface  marked  by  heavy,  regular  growth  lines,  re- 
sembling concentric  waves. 
Locality.     Found  in  nearly  all  the  deposits. 
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Glossary 

aberrant—differing  from  the  type 

acanthopores — hollow  spines  occurring  between  the  apertures,  on  the  frond 

of  a  bryozoan 
acinus — a  berry 

adductor  muscles — closing  muscles  in  bivalve  shells 
agglutinate — firmly  united 
air-chambers — chambers     below     the     livinj^^     chanibcr     in     the     shells     of 

cephalopods 
alar — pertaining  to  wings:  the  lateral  i)riniary  septa  of  the  tetracoralla 
alate — having  wing-like  expansions 
ambulacral   areas — perforated   areas   in   the   test  of  an  echinoderm,   through 

which  the  tubed  feet  project 
anastomosing — uniting  to   form  a  net   work 
angulated — with  angles  or  corners 
ankylosed — firmly  united:  grown  together 
annulations — rings,  or  ring-like  segnieiit> 
annulus — a  ring:  a  segment  of  the  thorax  of  a  trilobite 
antennae — paired  articulated  api)en(lages  of  headof  arthropod — trilobite 
anterior — front 

aperture — opening  of  shells,  cells,  etc. 
apex — terminal  or  first-formed  i)ortion  of  gastroptxl  >hells 
apophysis — a  calcareous  process  (in  interior  of  shelU.  etc.) 
appressed — pressed  closely  against 
arcuate — arched:  bent  like  a  bow 

articulated — ^joined  by  interhx-king  pr(;ces>es.  or  by  teeth  and  sockets 
asperate — rough 

attenuated — tapering:  or  thinning 

auricle — ear,  or  anterior  projection  of  the  hinge  of  many  pelecypods 
auriculate — eared 

aviculoid — resembling  Avicnla.  winged 
axial  canal — central  canal  of  crinoid  stem 

axial  furrows — furrows  or  dei)ressi(jns  delimiting  the  axis  in  trilobites 
axis — central  longitudinal  division  of  the  body  of  a  trilobite 
azygous — unpaired:   the  azygous   side   of  the  calyx   of  a  crinoid  has  plates 

differing  from  those  of  the  regular  sides 

basals — lowest  cycle  or  cycles  (in  forms  with  dicyclic  base)  of  plates  in  the 

crinoidea 
beak — area  of  the  apex  or  initial  i)oint  of  a  shell 
biconvex — both  valves  convex,  as  in  most  brachiopods 
bifid — split  in  two 
bifoliate — two-leaved 
bifurcating — dividing  in  two,  forking 
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biserial — with  double  series  or  rows 

brachial — pertaining  to  the  brachia  or  arms  of  brachiopods  or  crinoids;  one 
of  the  arm  plates  of  crinoids 

brachidium — calcareous  support  of  the  arms  in  brachiopods 

branchiae — gills 

bryozoum — whole  compound  colony  of  the  bryozoa 

bulbiform — bulb-shaped 

byssal  notch — notch  or  opening  for  the  emission  of  the  byssus  (supporting- 
threads  spun  by  the  foot)  in  the  pelecypoda 

callcinal — pertaining  to  the  calyx  or  cup 

callosity — hardened  spot  or  area 

callus — thickened  part  of  the  inner  lip  of  gastropods,  which  usually  covers 

portions  of  the  preceding  volutions 
calyx — i)  cup  of  corals,  limited  below  by  the  septa;  2)  body,  exclusive  of 

the  arms,  of  crinoids,  cystoids  and  blastoids 
camcratc — chambered;  an  order  of  crinoidea 
camerae — air-chambers  of  a  cephalopod  shell 
canaliculate — channeled;  having  a  canal 

cancellated — marked  by  lines  crossing  each   other;    lattice-like 
carapace — hard  shell  or  shield  of  Crustacea 

cardinal — pertaining  to  the  area  of  the  beak  in  brachiopods  and  pelecypods 
cardinal  process — process  from  under  the  beak  of    the    brachial    valve    of 

brachiopods,  to  which  the  diductor  (opening)  muscles  are  attached 
cardinal   quadrants — two    quadrants   of  a   Tetracorallum   which   bound    the 

main,  or  cardinal,  septum 
cardinal  septum — first  or  main  of  the  four  primary  septa  of  a  Tetracorallum; 

the  cardinal  septum  has  the  pinnate  arrangement  of  the  secondary  septa 

on  both  sides 
cardinal  teeth — teeth  under  the  beak  in  the  pelecypods;  teeth  in  the  pedicle 

valve  of  the  brachiopods 
carina — projecting  ridge  running  down  the  center  of  the  branches  in  some 

fenestclloid  and  other  bryozoa;   the  projecting  ridges  on  the  septa  of 

Heliuphyllum  and  other  corals 
carinated — having  a  ridge  or  keel 
cartilage — compressible,  elastic  substance  between  the  hinge-margins  of  the 

valves  of  pelecypods.     The  cartilage  is  the  internal,  as  the  ligament  is 

the  external  medium  for  opening  the  valves 
cast — the  impression  taken  from  a  mold 
caudal — pertaining  to  the  tail 
celluliferous — cell   bearing   (bryozoa    commonly  have  a  celluliferous  and   a 

non-celluliferous  side) 
cephalic  limb — anterior  border  of  the  cephalon  of  a  trilobite 
cephalon — head-shield  of  trilobites 

cephalothorax — combined  head  and  thurax  of  Crustacea 
cercopods — lateral  tail  spines  in  the  ceratiocarida 
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cespitose — matted,  tangled  or  growing  in  low  tufts 

cheeks — lateral  portions  of  the  cephalon,  divided  into  fixed  and  free  cheeks, 

of  a  trilobite 
chelae — pincer-like  claw  terminating  some  of  the  legs  of  Crustacea 
chilidium — covering  for  the  chilyrium 
chilyrium — triangular  opening  under  the  beak  of  the  brachial  valve  in  those 

brachiopods  in  which  that  valve  is  furnished  with  a  hinge  area 
chitinous — composed  of  chitin,  the  substance  forming  the  horny  wings  or 

elytra  of  beetles,  and  the  carapaces  of  crustacea 
cicatrix — a  scar 

cincture — depression  anterior  to  the  beak  in  the  shell  of  some  pelecypods 
cirri — root-like  appendages  to  the  stem  of  crinoids 
clastic — consisting  of  fragments,   i.   e.   rocks  made    of    fragments    of    older 

rocks 
clavate — club-shaped 
clavicle — heavy   internal   ridge   running  downward    from   the   beak   in   some 

pelecypods 
columella — central  or  axillary  rrxl 
compound  corallum — made  up  of  corallites.  either  separate  or  closely  joined 

by  their  walls  (ex.  I^^ivosites) 
composite  corallum — compound  corallum  with  coenenchyma  or  extrathecal 

calcareous  tissue  connecting  the  corallites  (ex.  (ialaxia  ancl  many  other 

recent  forms) 
concavo-convex — shells  of  brachiopods  are  normally  concavo  c<jnvcx,  when 

the  brachial  valve  is  concave,  and  the  pedicle  valve  convex;  reversed  or 

resupinat'.',   when  the  reverse  condition  obtains 
confluent — blended  so  that  the  line  of  demarcation  is  not  visible 
coniferae — order  of  arborescent  plants  to  which  the  pine<.  tirs,  etc.  belong 
consec|uent  stream — type  of  stream   which    flows    down    the    original    con- 
structional slope  of  the  la?id 
corallites — individual  tubes  of  a  comi)ound  corallum 
corallum — calcareous  skeleton  of  a  sint^le.  or  of  a  colonial,  coral  stock 
corneous — horny 
coronal — crown-like 

costae — extrathecal  extensions  of  the  septa  of  the  corals 
costals — first    brachial    or    arm-plates    of    the    crinoids    lying    between    the 

radials  and  the  first  bifurcation  of  the  arms 
counter   quadrants — quadrants  bounding  the  counter  septum    of    a    Tetra- 

corallum 
counter   septum — front   primary   septum    of  the   Tetracoralla.    opposite    the 

cardinal  septum;  the  secondary  septa  are  parallel  to  it 
crenulated — notched  to  produce  series  of  teeth 

crura — apophyses  to  which  the  brachidium  of  the  brachiopods  is  attached 
cuesta — topographic  relief  element,  resulting  from  the  normal  dissection  of 

a  coastal   plain   composed  of  alternating  harder  and   softer  strata   (see 

p.  40) 


m\         I    ■III"     ^m  w^  11 
Ill     1 1  aa^i^ja 


NIAGARA    FALLS    AND    VICINITY  267 

escutcheon — depression  behind  the  beak  of  the  pelecypod  shell 

exfoliate — peeling  off 

exothecal — outside  of  the  theca  of  corals 

explanate — spread  out  in  a  tiat  surface 

extrathecal — outside  of  the  theca  of  corals 

extroverted — turned  base  to  base;  applied  to  spirals  of  brachiopods 

facetted — having  facets  or  numerous  faces  as  the  eye  of  an  insect,  etc. 
facial  sutures — sutures  in  the  ccphalon  of  trilobitcs  which  separate  the  free 

from  the  fixed  cheeks 
facies — local  characteristics 
falcate — curved  like  a  scythe  or  sickle 
fasciculate — clustered 
fathom — a  measure  of  lenj^th  etjualin^^  6  feet  used  cliietly  fnr  depths  of  the 

sea 
fenestrule — open   spaces   between   the   branclie-^   and   (lis>epinients  of  a   fene- 

stella  frond 
filament — a  fine  thread  or  tiber 
fimbriae — a  fringe 
fixed  cheek— that  part  of  the  ceplialon  of  a  trilobite  wliicli  lies  between  the 

glabella  and  the  facial   siUiire 
fission — the  act  of  ^^plittiuK  or  cleaviiij.1:  into  i)arts 
flabellate — fan-shaped 
flange — a  projecting  rim 
flexibilia — an   order  of  crinoids   characterized   by   the   loo.>e  jointing  of  the 

plates  of  the  calyx 
fold — the     central     elevation     of     the     valve,     usually     the     brachial     of     a 

brachiopod 
foliate — leaf-like;  in  the  f(;rin  of  a  thin   leaf-like  expansion 
foramen — an  opening  or  pore;  specifically  the  openinj.:  for  the  pedicle  in  the 

pedicle  valve  of  the  brachiopoda 
fossula — groove  in  the  calyx  of  a  coral,   usually  due  to  the  abortion    of    a 

septum 
free  cheeks — lateral   portions  of  the  ceplialon   of  trilobites   .separated  off  by 

the  facial  sutures 
frond — foliaceous    or    leaf-like    expaiiNion    of   the    skeleton    of    bryo/.oa    and 

other  organisms 
fruticulosc — resembling  a  small  shrub 
fucoid — a  seaweed,  particularly  of  the  type  similar  t)  the  modern  Fucus,  or 

rockweed 

galeate — with  a  hclmet-likc  covering 

gastric — pertaining  to  the  stomach 

genal  angles— posterior  lateral  angles  f)f  the  free  checks  of  trilobites 

genal    spines — posterior    prolongations,    or   spines,    of  the   free    cheeks    of 

trilobites 
geode — a  hollow  concretion  usually  lined  with  crystals,  but  also  fille<l  c(»in- 

pletely  with  foreign  mineral  matter 
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nlobile  ircphalon 
,   generally  o(  an 

■stmbling  grains 


lany  hrachiopods 


bound«(t 


irr«S"lar 


geodiferoui; — containing  or  abounding  in  geodes 
geodetic — gcO'lc-bvariiig.  pertaining  lo  gci^des 
gibbtiui — swollen  or  humped 
glabella — L'cinral.  most  i>rominent  portion  oi  the  t 

by  the  iixed  cheeks 
Klotncratc — growing  in  dense  beads  or  cluster 

character 
gonopolyp— reproductive  pulyp  of  Hydrozoa 
graiiiilattJ—bBviiig  small  and  even  elevations  i 
granuloses) caring  or  rcBcmbling  grains  or  granules 

li«xacoraUa — class  iif  corals  built  an  the  plan  of 

hinge  arcn^flai  area  bordering  the  hinge  line  of  n 

hinifc  line — line  of  artieulation 

hydrocoralline — order  of  Hydroroa  wliich  build  calcareoi 

bydroi4— animal  belonging  to  the  class  of  Hydroioa 

hydruthcca^up  inclosing. the  iimritivc  polyp  in  thecaphore  Hydrozoa 

hyponunie — water  tube,  or  squirting  organ,  of  squids,  cuttlefish,  and  other 

cephnlupods 
hypoitoniH— wndcrlip  iif  the  triloliiles,  usually  found  detached 

Imbricate — overlapping  serially 
itnplnntiil inn— planting  between,  ns  ft 

twecn  two  older  ones 
inarticulate— not  nrlicuiatiiiK  by  icetli  i 
incised— cot  into 

incniMitvg— covcfiog  as  with  a  crust 
1  equilateral— ha vinfT  unequBl  sides 


3  skeletal  structures 


:v.-  plication  suddenly  appearing  be- 


lli fa  ri 


I  Iah 


t.of  a 


inllai.wl— (listfndcil  in  every  direction  and  hollov 

■i-lvil^bent  or  lumcii  inward  or  downward 
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ranibiilacral — between  tbt  ambulacra 
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intrathecal — within  the  theca;  endothecal 

introverted — turned  apex  to  apex;  applied  to  the  spirals  of  brachiopods 

involute — rolled  up,  as  a  Nautilus  shell 

joints — component  segments  of  the  stem  of  a  crinoid 

jugum — yoke-like  connection  between  the  two  parts  of  the  brachidium  of 
a  brachiopod 

keel — strong  central  carina  or  ridjje  (Taeniopora) 

lacrymiform — tear- form;  drop  sliapcd — pear  sliaped,  but  without  the  lateral 
contractions 

lamellar — disposed  in  lamellae  or  layers 

lamellibranch — leaf-gilled,  the  class  of  iiicjllu^ka  with  bivalved  shell,  to  which 
the  oyster  and  clam  belong;  pelecypod 

lamelliform — having  the  form  of  a  le^if  or  lamella 

lamellose — made  up  of  lamellae 

lamina — a  thin  plate  or  scale 

lateral  gemmation — a  budding  from  the  sides,  as  in  sonic  corals 

lateral  teeth — ridge-like  projections  on  either  side  of  the  beak,  in  the  in- 
terior of  lamellibranch  shells 

laviformia — primitive  order  (jf  crinoidb 

ligament — external  structure  for  opening  the  valves  in  the  pelecypoda 

limb^lateral  area  or  marginal  band  of  the  ceplialon  of  trilobites  on  either 
side  of  the  glabella,  corresponding  to  a  pleuron  of  the  thoracic  region 

lines  of  growth — lines  marking  the  i)erio(lic  increase  in  size,  in  shells 

linguiform — tongue-shaped 

linguloid — tongue-shaped:  like  Lingula 

lip — margins  of  the  aperture  of  univalve  shell 

listrium — depressed  area  surrounding  the  pedicle  opening  in  the  pedicle 
valve  of  Orbicidoidea  and  other  discinoid  brachioi)ods 

I  it  hie — pertaining  to  stone 

living  chamber — the  la^t  chamber  in  the  shell  of  a  cephalopod.  which  is 
occupied  by  the  animal 

lobes — backward  bending  portions  of  the  suture  oi  cephalopod  shells 

lophophore — ciliated  or  tentaculated,  oral  disk  of  bryoz(ja:  the  oral  disk 
and  brachia  of  brachiopods 

lunarium — more  or  less  thickened  portion  of  the  posterior  wall  of  the  cell 
in  many  paleozoic  bryozoa.  which  is  lunate  or  curved  to  a  shorter 
radius,  and  usually  projects  above  the  plane  of  the  cell  aperture 

lunule — depression  in  front  of  the  beak  of  pelecypod  shells 

nutcerate — softening  and  disintegrating  by  immersion  in  water 

macrocorallites — the  larger  corallites  in  a  compound  corallum 

maculae — irregular,  usually  depressed,  areas  on  the  celluliferous  face    of    a 

bryozoan  frond,  which  are  free  from  cells,  or  otherwise  differentiated 
mandibles — first  upper  or  outer  pair  of  jaws  of  Crustacea  and  insects 
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ijiamie— fleshy  membrane  infolding  the  soft  parts  oi  mollusks  ntiil  brucliio- 

pods  and  building  tlic  slicll 
medullary  rays — the  "silver  grain"  or  radiating  vertical  banils  nr  [dates  of 

parenchyma  in  the  stems  of  exogenous  plants 
medusa — a  jelly  fish 

membranaceous — pertaining  to  a  membrane 
mesial— central 

mc&ogloea — central,  non-cellular  layer  in  the  body  ol  coelenterates 
nieso-pore? — irregular  meshes  or  cysts  on  the  intercellular  spaces  ot  certain 

bryoioa 
mesothcca — mciiian    wall    Sfparating    oppuscfl     cell*    In     certain    bryo^oan 

metastonia— uuderlip   of   crustacea.    composed   of   small   pieces    iniiiicdiaiely 

below  and  behind  the  raoulh 
mierocorallitcs — smaller  coralliles  of  a  compound  corallmn 
mold — any  impression  of  a  fossil,  in  rock  matrix,  external  or  internal 
moniliform^rcsembling  a  necklace  or  siring  of  beads 
monocyclic — of  a  single  cycle 
munticuliporoids — corals   belonging   to   the   order   Monticuliporidae   having 

many  points  of  resemblance  with  the  bryoioa 
monticules — elevated   areas   on   the   surface   of   certain   coral   and   bryo^uan 

colonies,  commonly  carrying  larger  apertures 
mucronate — prodiiced  into  a  long  pointed  extension 
mural  pores— pores  in  the  walls  o!  the  cordllitcs  of  the  Favositidae 
muscle  scar — scar  in  a  shell  marking  the  former  attachment  ol  a  muscle 

riy:  the  nacreous  layer  of  shells  is  the  inner  smooth  ijcarly 


nariiurm-.hapcdlike 

a  iio.iril 

nasllte— projecling.  no> 

■c-liU-e 

nettlecell— one    of   the 

ncmatoeysis 

nr    stiiiginy   ci- 

[|-    ioui' 

Icntacles  and  oiIict 

■  body  parts  < 

if  mn>(  CnelLUtc 

rata 

node— knob;  usually  ci 

an.-idcrcd  as  ■ 

.riianK'iil;il 

iiodiise— bearing   node: 

^   or   tubercle: 

noduliise— knolty.  nr  1 

lavinft  nodci 

obconical- invir^ly  c. 

-nieal 

oblati— iliittcncil  :it  Ihi 

■  iiolcs 

obov.lc-inversely  nv;, 

te  Mr  eKg-sU:i 

l,ed 

nbs..|nci,t    slrv(..>.-^. 

stream    lh.«, 

ii|i    down    the    i 

miace     < 

,,,uanl    Ihc   nid-kiii 

,d.  tributary  t 

n  the  suliseiiiKi 

It   Mreai 

tl.nv-   inin  Ihe  coi 

iscjucnr 

utci|>j(;il-a|.|.lied  f.  tli 

n'  piisierior  [•: 

in  ..1  the  cepUal 

..<vi|iilal    iurr.nv— tr;in; 

•verse   groove 

..11    the   cei.hal 

nn    ol    1 

si|>araH>  ihe  la-;t  < 

>r  ■n-cipital  ri 

ini;  from  the  re^ 

l  of  the 

(..■cii.it:il  rinn— I"'-K-ri. 

ir  divi-ii.n  Ml 

llie  Kl^il.olla  nf  a 

irilnbit. 

NIAGARA    FALLS   AND    VICINITY  27 1 

pftddlee — large  or  last  pair  of  thoracic  legs  of  the  eurypterids 
pallial  line — line  on  the  interior  of    the  shell  of  mollusks    marking  the"  at- 
tachment of  the  mantle 
pallial  sinus— rreentrant  angle  in  the  pallial  line    usually  at  the  posterior  end 

of  the   shell   of   pelecypods;    it    marks   the   attachment    of   the    siphon 

muscles 
palmars — third  series  of  hrachial  plates  of  the  Crinoidea.   lying  above  the 

axillary  distichals 
palmate — palm-shaped 
palpebral   lobes — supra-orbital    extensions    from    the   fixed   cheeks   of   trilo- 

bites 
papilla — a  small  nipple-shaped  protuberance 
papillose — covered  with  papillae  or  fine  projections 
parabasals — second  cycle  of  basal  plates  in  crinoids 
pectinated   rhombs — paired    pore   clusters   in   the   calyx   of  certain    cystoids 

(Callocystites) 
pedicle — tleshy  peduncle  or  stem  used  for  attacliment  in  the  brachiopoda 
pedicle  valve — valve  which  j^ivcs  emission  to  the  pedicle  in  the  brachiopoda. 

Ventral  of  most  authors.     Usually  the  larger  valve 
pentameroid — five  chambered,  similar  to    Pentamerus 
pentapetalous — resembling  a  five-petaled  llower 
penultimate — next  to  the  last 

periderm — outer  chitincjus  covering  oi  Ilydro/.oa 
periostracum — epidermis  or  outer  organic  coating  of  shells 
peripheral — pertaining  t(j  the  circumference 
peristome — margin  of  an  aperture,  i.  e.  the  mouth  of  a  univalve  moUuscan 

shell,  the  mouth  of  a  bryozoan  cell,  etc. 
peritheca — epithecal  covering  which  surrounds  a  colony  of  corallites,  i.  e.  a 

compound  corallum 
petaloid — resembling  a  leaf  or  petal 
pinnate — shaped  like  a  leather 
pinnulate — provided  with  pinnules 
pinnules — finest  divisions  of  the  arms  of  crinoids 
plano-convex — normally  in  brachiopods,  with  the  pedicle  valve  convex  and 

the  brachial  valve  Hat 
pleura — lateral  portions  of  the  thoracic  rings  of  trilobites 
plicate — plaited  or  folded 

plications — folds  or  rib-like  plaits  of  a  brachiopod  shell 
polyp — animal  of  a  simple  coelenterate  or  bryozoan 
polypite — individual  polyp  of  a  colony 
pore-rhombs — pore  clusters,   arranged  in  rhombic  manner  in  the  calyx  of 

cystoids 
poriferous— pore-bearing,    corals    which    like    Favosites    are    furnished   with 

several  pores 
posterior — situated  behind 
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post-palmars — all  the  plates,  superior  to  the  axillary  palmars  in  the  arms  of 

crinoids 
prehensile — adapted  for  seizing 
preoral — situated  in  front  of  the  mouth 
produced — drawn  out,  elongated 
proliferous — reproducing  buds  from  the  calyx 
protoconch — embryonic  shell  of  a  cephalous  molluscan 
proximal — nearest  or  basal  portion 

pscudocoklmella — false  columella  in  corals,  formed  by  a  twisting  of  the  septa 
pseudodeltidium — false   deltidium    (  S  p  i  r  i  f  e  r  ),   formed   by   union   of  the 

two  dcltidial  plates 
pseudosepta — septa-like  ridges  of  Chaetetes,  etc.,  the  projecting  ends  of  the 

lunaria  in  the  cells  of  certain  bryozoa 
pseudothcca — false  wall  or  theca  in  some  corals,  formed  by  the  expansion  of 

the  outer  margins  of  the  septa 
punctate — dotted,  with  scattered  dots  or  pits 
pustule — small  blister-like  elevation 
pustulose — bearing  pustules  or  projections 

pygidium — posterior  or  tail  portion  of  the  carapace  of  trilobites 
pyramidal — having  the  form  of  a  pyramid 
pyriforni — pear-shaped 
pyriformis — pear-shaped 

quadrangular — four  angled 

quadrate — with  four  equal  and  parallel  sides 

quadrifid — cut  into  four  points 

(luadrilobate — bearing  four  lobes 

quadriplicate — with  four  folds 

(luincunx — live  objects  arranged  in  a  S(iuare  with  one  in  the  middle 

rachis — central  stem  of  a  frond  in  bryozoa.  etc. 

radials — main  plates  of  the  calyx  of  a  crinoid,  resting  on  the  parabasals,  and 

alternating  with  them 
radii — ribs  or  striations  diverging  from  the  beak  of  a  shell 
ramose — branching 
ramus — branch  of  a  skeletal  structure 
reniform — kidney  form 
resilium — internal  cartilage  or  compressible  substance  in  the  hinge  of  pelecy- 

pods 
reticulated — like  a  network 
retractile — capable  of  being  withdrawn 

retral — backward 

rhynchonelloid— resembling  Rhynchonella 

i-QOt — expanded  basal  portion  of  a  crinoid  stem,  used  for  fixation 

rostrum — a  beak  or  snout 

rugosa— an  (^Id  name  for  the  Tetracoralla 
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saddles^forward  bending  portions  of  the  suture  in  the  shells  of  cephalopods 

salient — standing  out  prominently 

scabrous — rough  or  harsh  with  little  projecting  points 

scalae — small  transverse  plates  in  the  genus  Unitrypa  of  the  bryozoa 

scalariform — stair  or  ladder-shaped 

sclerenchyma — calcareous  tissue  deposited  by  the  coral  polyps 

scorpioid — scorpion-like,  coiled  like  the  tail  of  a  scorpion 

semilunar — crescentic.  or  resembling  a  half  mot)n 

semiovate — half  egg-shaped 

senile — pertaining  to  old  age 

septal  radii — radiating  ridges  taking  the  place  of  .septa  in  certain  corals 

septate — with  partitions  or  septa 

septum — partition;  in  coral>.  the  radiating  calcareous  plates;  in  cephalopods, 

the  transverse    partitions   belwien  the  chambers 
serrate — notched  like  a  saw 
setiferous — bristle-bearing 

sigmoid — curved    like   the    Greek    letter  -   (si^ma) 
sinistral — left  handed,  reversed  c<jiling  of  some  ^astropcnl  shells 
sinuate — wavy,  winding 

sinuosity — ncjtch  or  incision  forming  a  wavy  outline 
sinus — impressif)!!  in  the  surface  or  margin  <»t  a  A\k:\\ 

siphonal  funnel — siphonal  projection  from  tlie  septum  of  a  cephalopod  shell 
siphonal  lobe — lobe  in  the   suture  of  an   ammon(.)i(l  shell,   corresponding  in 

'    position  to  the  siphuncle 
siphuncle — tubular  canal  pa.-sing  through  the  air  chambers  in  the  shells  of 

cephalopods 
slickensides — polished    or    striated    surface^    ou    rock    <lue    to    motion    under 

great  pressure 
sockets — hollows  in   the  brachial   valve   of  bracliiopod^  for  the   reception   of 

the  teeth  of  the  opposite  valve 
spatulate — shaped  like  a  spatula:  spoon-shaped 
spheroidal — globose,  of  the  form  of  a  spheroid 
spiniform — spine-like 
spinulose — spine  bearing 
spondylium — spoon-shape<l  cavity  under  the  beak  of  pentanieroid  brachio- 

pods 
squamous — scaly,  covered  with  scales 
stalk — stem  of  crinoids 

stellate — star-shaped;  arranged  in  star-like  manner 
stipe — stalk  or  stem  in  plants 
stock — main  stem  or  trunk 
striae — fine  radiating  surface  lines  of  shells 
stylolites — peculiar  columnar  and  striated  rock  form  seen  in   limestones  at 

the  junction  of  two  layers 
sub — in   composition   indicates  a   low  degree:   sub-angular — rather  angular: 

sub-carinate — somewhat  toothed,  etc. 
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subfusiform — more  or  less  spindle-shaped 
subglobose — more  or  less  globose 
sublunate — approaching  the  form  of  a  crescent, 
suborbicular — nearly  circular 
subpentahcdral — irregularly  five-sided 
subpyramidal — approximately  pyramid-shaped 
subquadrangular — between  quadrangular  and  oval 
subquadrate — nearly  but  not  quite  square 
subspheroidal — imperfectly  spheroidal 
subtruncate — irregularly  cut   oft 
subturbinate — approaching  top  shape 
sulcation — a  furrow  or  channel 

sulcus — a  furrow 

superior — higher  in  position 

suture — in  cephalopods,  the  line  of  junction  between  shell  and  septum,  seen 
on  breaking  away  the  former;  in  gastropods,  the  external  line  of  junc- 
tion between  the  several  whorls;  in  trilobites,  the  dividing  line  betw^een 
fixed  and  free  cheks,  commonly  called  facial  suture;  in  crinoids,  the  line 
of  junction  between  adjacent  plates 

tabulae — transverse,  continuous  partitions  or  floors  in  corals,  etc. 

tabulate  corals — group  of  corals  in  which  the  tabulae  cross  plates  are  promi- 
nent, while  the  septa  are  faintly  or  not  at  all  developed  e.  g.  Favosites, 
Aulopora.  etc. 

talus — the  mass  of  rocky  debris  which  lies  at  the  base  of  a  cliff,  having  fallen 
from  the  face  of  the  clift  above 

teeth — articulating  projections  on  the  margins  of  the  valves  of  bivalve  shells 

tegmen — vault  or  cover  of  the  calyx  in  crinoids 

terebratuloid — like  the  recent  genus  Tcrebratula 

terete — cylindric  or  slightly  tapering  terrigenous — derived  from  the  land 
test-shell 

tetracoralla — the  old  group  of  rugose  corals,  built  on  the  plan  of  four 

tetrameral — on  the  plan  of  four 

theca — the  proper  wall  of  the  individual  corals 

thoracic — pertaining   to  the  thorax 

thorax — central  part  of  the  body  of  the  trilobites 

trabeculae — projecting  bars 

trigonal — three-angled 

trihedral — with  three  equal  faces 

tripartite — divided  into  three  parts 

tripetalous — three  leaved  or  petaled 

trochiform — in  form  like  a  Trochus  or  top  shell 

tubercle — small  swollen  projection 

tuberculiform — in  form  like  a  tubercle 

tuberculous — having  or  resembling  tubercles 

tubicola — an  order  of  marine  worms  which  build  calcareous  or  other  tubes 

tumid — swollen,  inflated 

turbinate — top-shaped 
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umbQicus — external  opening  of  the  hollow  axis  of  a  loose  coiled  shell 
umbo — area  about  and  including  the  beak  in  pelccypods  and  brachiopods 
unconformity — irregularity  in  the  succession  of  rock  beds  indicating  an  in- 
tervening period  of  erosion 

valvular — pertaining  to  a  valve 

varix — row  of  spines,  a  ridge  or  other  mark,  denoting  the  former  position  of 

the  lip  on  the  shell  of  a  gastropod  (plural  varices) 
.vaulted — arched 

ventral — pertaining  to  the  lower  side,  or  venter 
ventricose — strongly  swollen,  or  bul^inj; 
vesicular — bearing  vesicles,  or  hollow  cavities 
vestibular  area — area  surrounding  the  cell  apertures  of  some  bryozoa;  often 

depressed 
viscera — the  internal  organs  of  the  body 

whorl — single  volution  of  a  coiled  shell 

wing — posterior  larger  expansion  along  the  hinge-line  of  a  pelecypod 

zoarium — aggregates  of  the  pcjlypites  of  a  bryozoan  colony 

zooecium — the  bryozoan  cell 

zooid — one  of  the  *'  persons  "  or  individuals  of  a  /.oarium    -- 
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Bryozoa,  loi'.  io.f-4\  161"- 70". 
Bucania,  213'. 

trilobata.  2\S'. 
Buffalo,  elevation  of  plain  in  virinits 

of.  2«". 
Buffalo    creek,    bedrock    lowt-r    than 

surface  of  Lake  V.v'w.  30'. 
Bulihea<l  rock.  1 16  . 
Bumastts  barrimsis.  22X. 
Burning?  spring,  i.f. 
Bythinclla,  242'. 

obtusa.  242  . 
Bythopora,  i6() . 

spinulosa.  K/)\ 
Bythotrephis.  i3o'-32'. 

gracilis.  07'.   i.^j'-Ji'- 

Icsquereuxi.  1 31^-32'. 

OallocystiteSy  1 5 1  ''-^2\ 

jewetti,  i5i''-5-'- 
Callopora,  i67''-f)K\ 

aspera.  iG^'-CiKv. 

elcgantula.   \(^f-(iA^. 

florida.  165'. 
Calymmcnc,  224\ 

blumenbachii.  loi'. 
niagarensis.  224\ 
Camarotocchia.  I92'-94^ 

acinus,  97',  103'. 

ncglccta,  ioo\  19.^. 

obtusiplicata.   ig.r". 
Camerata,  I55*-5H*. 
Campcloma,  243^ 

decisa,  243'. 
Canadian  side,  views  from,   12^-i.f. 
Carll,  cited.  47'. 
Caryocrifius,  i49''-5i'. 

ornatus.   103*.   i5o'-5r. 


Catenipora  escharoidcs,  I43'-44^ 
Cave  of  the  winds.  11',  fx)",  113". 
Cephalopoda,  i02\  2i4''-i8". 
Ceramopora.  \()2^-GtC. 

imbricata,   163-. 

incrustans.  163*. 
Ceratiocaris.  227^-2^^. 

acuminata.  22y\ 

deweyi.  227" -j8". 
ClialnuTs.  Rnbirt.  cited,  2^7,\ 
Chilr.trypa.   i^3'-64". 

ostioj.'ita.   1^)4'. 
(hippi'wa  ori'ck.  2()^.  53'-54^ 
("hont'tcs.    iSs'. 

roriMitu>.    iS5\ 
( "lionopliylhun.   i3(/. 
niai^aren^i*.    130. 
<'la«l«»pora.    i40'-47\ 
nniltipora.   147'. 
'^(■riata,   i4^''-47'. 
(  larkf.  J.  M..  nicntioned,  18';  studies 
on  linicstoni-  l(■n^(•>^  of  the  Clinton. 
I ()_»';  section  re\  isi-(l  by.  229":  cited, 

Clatliropora.  i73'-74\ 
alcicnrnis,    174'. 
frondnsa.    174'. 
Claypoli'.     \\.    \\'..    cited,    253'';    nien- 

ti»)niMl.  iS". 
ClifT  on  Canadian  side  f)f  i^orjj^c,  illns. 
facinj^j  p.  hS. 

Clinton    beds.   ^V,   34'.   05'-io-''.    I-M'. 
1 24':   illns.   faring  p.  <^2.  (^;  fossils, 

-M-'-3;. 
Coleman,  A.  I*.,  cited,  2^X. 

Conseipient  streams.  38.  ,\2^,  44".  ^h\ 

C'onularia.  2 13'- 14'. 

nia^arensis.  214'. 
Conularida.  213'- 14^ 
Coral  reefs,   i24*-2f)'*,   129". 
('oralline  limestone.   124'. 
Corals,  loC. 
('r)rnell  hotel.   15". 
('orniferons  limestone,   121". 
C(  rnulites.   iOi\ 

bellistriatus,    Kn'". 
Crinoidal  limestone,   Io6'*-7^ 
Crinoidea.  K)i'*-2'.  \^2^-i^\*. 


278 


NEW   YORK   STATE    MUSEUM 


Crustacea,  116*,  218^-31^ 

Cuesta,  40^  55- ;  illus.  facinjj  p.  J5. 

Cyathophyllum.  138'. 

hydraulicum.  117",   138*'. 
Cybele  punctata,  225^ 
Cyclas  staminca.  246"-47'. 

striatina,  246^. 
Cyclostonia  lapidaria.  242^. 

tricarinata.  243*. 
Cyrtina,   197^ 

pyramidalis.   197^ 
Cyrtoceras,  216*. 

cancellatum,  216". 

subcanccllatuni.  216°. 
Cystoidca,  i48'-52'. 
Cytherina  cylindrica.  218". 

spinosa.  22o\ 

Dalmanella^  i87\ 

elcgantula,  ioi\  I03\  187''. 
Dalnianitcs,  223°-24"\ 

liinulurus,   105*.  224'. 
Davis,    W.    M.,   cited,    2S3\   40",   41"; 

mentioned,   18'. 
Dawson.  G.  M.,  cited.  254*. 
Day,  D.  F.,  catalogue  of  plants.  ii\ 
Delthyris  sulcatus.  2CX)^ 
Desor,  E.,  cited.  254*. 
Devil's  hole,  15'.  17',  no*:  view  near. 

facinp:  p.  104. 
Devonic  series,  ;^^\    120^-21";  Siluro- 

Devonic  contact,  ii7''-jo\ 
Diamesopora,    175'. 

dichotoma.  175". 
Diaphorostoma.  21  r''-i2''. 

niagarense.  103*,  J12*. 
Dictyonella,   179'. 

corallifera.    179\ 
Dictyonema,  133^-341 

ret i forme.   i33''-34''. 
Dip  of  strata,  3S''-^fi'. 
Diploclema,    162'. 

sparsa.   162". 
Diplophyllum,   i^^cf-^o^. 

caespitosum,    i39'*-40"'. 
Dolichopterus,  230'. 

macrochirus,    230^ 
Drainage    features,    development    of, 

3r-54"- 
Drymotrypa,  i69*-7o''. 

diflfusa.   i69''-70". 


\   DufFerin  islands,  13'. 
Dundas  valley,  27*",  42**-46*. 

Eddy  basin,  yS^,  79". 
Encrinurus,  225*. 

ornatus,  225^ 
Enterolasma,  I36'*-37^ 

caliculus,   loi",   137-. 
Eucalyptocrinus.    loi",    103',    i57"-58*. 

decorus,    i57''-58®. 
Eurypterida,   ii6\  228*-3i'*. 
Euryptcrus,  228''-3o". 

dekayi,  230^ 

giganteus,  229". 

lacustris,  229'. 

var.  robustus.  22g*'. 

pachychirus,  23o\ 

pustulosus,  229". 

remipes,  229^  illus.  facing  p.  229. 

robustus,  229\ 
luisarcus.  230'. 

grandis,  23o\ 

scorpionis,  23i\ 

Fairchild,    H.    L.,    cited,    254'.    57"; 

mentioned,  18'. 
Favosites,  112",  125",  i40''"-42''. 

constrictus,  142". 

niagarensis,   I42^-43^ 

parasiticus,  141^ 

pyriforniis,  i4r-42". 

venustus,  140^-41'. 
Featherstonaugh,  G.  W.,  cited,  254'. 
Fenestella,  i70"-7i*. 

elegans,  i7o''-7i'. 

prisca?  171*. 

tenuiceps,   171'. 
Fleming.  M.  A.,  cited.  254^ 
Flexibilia,  159^-rx)'. 
Fluvial  i)eriod,  66'-82'. 
Foerste,  A.  F.,  cited,  254". 
Foot,  Lyman,  cited,  254\ 
Fort  Massassauga,  27''. 
Fort   Niagara,   27'. 
Fossiliferous  sections,  i6'-2i. 
Fossils,  i3o'-46*':  in  Siluric  beds,  dis- 
tribution, 232-37. 
Foster's  Hats,   I5^  71*'- 76*;  illus.   fac- 
ing   p.    72;    shell-btaring    gravels, 

238'. 
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Fucoids,  136*. 

Fuller,  Margaret,  quoteU.  10". 

Ctartropoda,    lo",  6;",  68*,  74',    101', 

2io"-i3',  230'-45'- 
Gebhard.  Jolm.  cited,  254'. 
Geer,  Gerard  dc,  cited,  ^54°. 
Genesee   river,  prtBlacial,  4'i'-47'. 
Geodifcrous  limestones,   lof-13'. 
Geologic  map,  22'. 
Geologic  nomenclature.  I7'-Ji. 
Georgian  bay,  valley,  S^'-S.V- 
Gibbcs,  L.  R..  cited.  355'. 
Gilbert.  G.   K.,  ciic<l,  25s'.  Jj'.  50", 
56*.  5?'.  65',  72".  73'.  134';  nicntioned. 
6',     18";     identified    witii    KcolnuU- 
Etudies   at    Niagnrn,    jf :    map   nf 
Great  lakes,  61,  62. 
Glacial  erosion,  influence  on  inijuj,'- 

raphy,  50'. 
Glacial  lakes,  .s8\ 
Glacial  period,  S';'-57'. 
Giosv-iry    J,v75. 
Glyi.i.MTl.jii-  pIumosHs.  157'. 
Goat   island,   9'.    i0*-ii,   Ho';     n:inie. 
10';   slicll-bearinj'  griivcK,   ]  [",  67', 
238*;   future   of,   yi'-Xj':    illiis.    f;ic- 
ing  p.  80. 
Gomphoeeras.  2i6'-i7". 

sp.,  217'. 
Goniobasis,  68\  239'-40°. 
haldcniani.  240", 
live  see  ns.  239*-4o'. 

var.  ni.igarcnsis.  240'. 
Gordon.  C.  H.,  citod.  255'. 
Gorge  (if  ^'l.L^^:l1.l.  "j-71";  age,  82'- 
8s':  St  Davids.  27",  5i'-?2'.  77'-*to'; 
upper,  8tf-82*;   illus.   lacing  p.   80; 
of    whirlpool    rapids,    76'-So',    85'; 
below  the  fails;  I4'-|6';  product 
o(   river   erosion.   06';    cutting    by 
the  cataract,  68'. 
Grabau,  A.  W.,  cited,  255". 
Grant,  C.  C.  cited,  255'. 
Gray   i|ii,-irl/nv.-  >:.tiiUio..e.  88^-8./. 
Great  lakes,  maps.  61.  62. 
Great    lakes     and     Niagara,    biblio- 
graphy, 2S3-G2. 
Grotc.  A.  R..  ciicd,  255'. 
Guelph  dolomite,  ii4*> 


Gunning,  W.  D.,  cited.  255*. 
Gypsum,  deposition  of,  128". 


H«U,  Basil,  ijuotcd,  lo". 

Hall,   Jan 

es.  surveys   instituted 

by. 

6';  men 

tioned.  18';  cited 

256', 

96'- 

Ilallett,  I 

..  cited,  256*. 

Ilalysites 

125',  i43'-44'- 
liilii.i.   i4,l'-44'. 

ll.imilton 

shale,  .^o^ 

ilflei.r.ra 

fragilis.  00'. 

Ileliriliics 

I25\  i44'-4(.'. 

ek-ga 

s.  145'. 

l.j-rif. 

rmis.  146'. 

spiiii] 

llelopora 

'.rus.  J45'. 

iragil 

s.  173'. 

Hennepin 

Falher     Louis 

first 

to 

If^criiilii.ii      of 

falls. 

f: 

riilMtcd. 

7'-8'. 

lliKht  of  falls 

llitclicock,    C.    if.,    cited,    256',   8. 

iiieiilioncd.  18'. 
Ilolley.   G.  \V,.  cited.  256'. 

ilclphinoceiihalu-;.   io5\  22i'-22' 

Horseshoe      falls,      vivid     green 
w.iter,     13';     sectional     view,     C 
crest   lines.   81 ;    rate   of   rccessio 
S.i'i  illus.  facing  p.  fo. 

Hovey,   H.   C,  cited,  2,ifi'. 

Huron  lowland,  53'-54°. 

Hyatt,  Alpheus.  cited.  25fi'. 

Hy,ittelln.  204"-s'. 
congest  a,  204'-5'. 

Hydraulic    cement,    mauulacture    1 
11  S°- 

HydrauHe  cement  beds.  io6'. 

Hydrozoa,   i.^3'-3.s'. 

IchthyocriEUB,  159". 

Ilk.-nus  l-:;i--.:Y. 

Imviis,    h,)',   loj",   102',  223'. 
Illinois  river,  outlet  of  J.ake  Mich 

gan,  6s'. 
Irondeiinoit  bay.  47". 
Iroquois   lake,  60^,  62',  6/;  map,  6 
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Isochilina.  2I8^ 
cylindrica,  218^. 

Lacustrine  period,  57'-6s\ 

Lake  basins,  origin,  50'. 

Lake  region,  tilting  of  the  land,  65'. 

Lakes,   maps  of  Great  lakes,  61.  62, 

Sec     also      names     of     lakes^      as 

Iroquois,    Ontario. 
Laniellibranchiata,  2o6*-io'. 
Lampsilis,  248''-49". 
ellipsiformis,  249^ 
rectus,  248"-4Q". 
Larviformia,  i53"-55'. 
Laurcntian  glacier,  thickness,  55''-56". 
Laurentian     old-land,     composition. 

.31=. 
Laurentian   region,    diagrams   show- 
ing  type   of   drainage   existing   in, 

44,  45. 
Laurentian  river,  49''. 

Laurentidc   mountains,   26*,  36". 
Lavvson.  cited,  36'. 
Lecanocrinus,   160'. 

macropetalus,  i6o'. 
Lei)erditia.  2i8"'-iq\ 

scalaris.  219'. 
Leptaena.   180*. 

depressa,   180'. 

patcnta,   182'. 

rhomboidalis.  loi*,  i8o\ 

sericea,  183". 

striata,   182''. 

subplana,    184'. 

transversalis,  183'. 
Lesley,  J.  P.,  cited,  257*;  mentioned, 

i8\ 
Letson,  E.  J.,  Post-pliocene  fossils  of 

Niagara   river   gravels.   238-52. 
Leverett,     Frank,     cited,     256^     57"; 

mentioned,    6". 
Lichas,  224^-25'. 

boltoni,  225';  illus    facing  p.  225. 
Lichenalia,   17^/. 

concentrica.   10 1^   176^ 
Life    history   of    Niagara    Falls.    5s'- 

85". 

Limestone  beds,  28",  29'. 
Limestone  clifT,  29". 
Limestone     lenses    of    the     Clinton, 
99"- 102". 


Limestones,  formation,  i2^^'26\ 
Limnaea,  243"-44\ 
catascopium,  244". 
columella,  244". 
decisa,  243^ 
desidiosa,  244*. 
heterostropha.  245\ 
Lingula,  88",  116",  I78\ 

cuneata,  89^  92*,   178*. 
Lioclema,  i65'-6C'. 
aspera,  165^-66". 
florida,  165*. 
Liopteria,  2o8\ 
subplana,  208'. 
'    Lockport    limestone,    35°,    34'*,    105*- 

13';   illus.   facing  p.  94. 
I    Logan,  cited,  36\  36";  mentioned,  6^ 
I    Lorraine  shales,  ^z\ 
I    Lowlands,  formation,  55'. 
I    Luna    falls,    illus.    facing    p.    10,    38, 

54- 
Luna  island,  II^ 

Lundy's  Lane,  battle  of,  13". 
Lyell,  Charles,  cited,  2^y\  82';  men- 
tioned. 6',  i8\ 
Lyriocrinus,   I56^-57^ 

dactylus,  i56"-57'. 
Lyriopecten,   2o8"-9\' 

orbiculoides,  208** -9*. 

Maid  of  the  mist,   io\   12*,   I4^ 
Manlius   limestone,  29\  2ti\    Ii6"-i7\ 

128";     and     Onondaga     limestone. 

unconformable  contact,   118*. 
Map,  geologic,  22\ 
Marccllus  shale,  30'. 
Marcou,  Jules,  cited,  257'". 
Margaritana  marginata  var.  truncata. 

25o'-5i'. 
Marine    organisms,    in    Great    lakes, 

64'. 
Mattawa  river.  62'. 
Maw,  George,  cited.  257".. 
Medina    sandstones   and    shales,   26", 

i^\  34',  60',  87''-95';  illus.  facing  p. 

86,  92,  94;  fossils,  I23\  2:i2-T^y. 
Melina  livescens,  239^-401 

niagarensis,  240*. 
Merrill,  F.  J.  H.,  cited,  257'. 
Michigan,  lake,  rising  of  waters,  65'. 
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Minerals    in    geodiferous    limestone, 

io8"-9\ 
Modiolopsis,  209'- lo". 

sp.,  209"- io\ 

orthonota,  209'. 

primigenia.  20/. 

subalatus,  209"- io\ 

cf.  subalatus?,  102* 
Morgan,   R.  F.,  assistance  from,   18*. 
Muddy   creek,   shell-bearing   gravels, 

Mudge.   E.   II.,  cited,  2S7^. 
Mussels,  fresh  water,  10'. 

Nautiloidea,  2 1 5'- 1 8". 

Nematophycus,  132'. 
crassus,   132'. 

Neniatophyton  crassuni,    132". 

New  York  side,  views  from.  9'- 12'. 

Newberry,  J.  S.,  cited,  257".  46",  50*; 
mentioned.   18'. 

Niagara,  first  use  of  name,  7';  mean- 
ing of  name,  7'. 

Niagara  and  Great  lakes,  bibli- 
ography, 253-62. 

Niagara  beds,  34';  of  Lake  Temis- 
caming,  36'.  Sec  also  Lockport 
limestone;   Rochester  shales 

Niagara  cuesta.  sec  Cuesta. 

Niagara  escarpment,  39'';  illus.  fac- 
ing p.  25. 

Niagara  falls,  acre,  82''-85";  cutting  of 
gorge.  68';  abandoned  falls  at 
Fosters  flats,  71^-76';  i  his.  facing 
p.  72:  future  of,  82':  from  Father 
Hennepin's  view  point,  frontis- 
piece; hight,  22"*;  how  reached,  7'; 
how  to  see  them,  7'- 17';  illus.  fac- 
ing p.  10,  38,  5i.  80;  life  history, 
55'-85"'  origin,  66*;  possible  exist- 
ence of  three  or  four  falls,  75^-76'; 
upper  gorge  and  falls.  8o'-82*. 

Niagara  glen.  15*.  71"-/^';  iWus.  fac- 
ing p.  72. 

Niagara  gorge,  sec  Gorge  of 
Niagara. 

Niagara  group,  term,  6". 

Niagara  limestone,  sec  Lockport 
limestone. 

Niagara  region,  history  of  during 
Siluric  time,  i2i'*-29". 


Niagara  river,  accumulations  of 
stratified  sands  and  gravels,  67*; 
age,  82*-85";  ero:  ion  of  river  bed, 
68';  future  of,  65^  old  banks,  66*; 
illus.  facing  p.  66;  origin,  59'';  water 
supply  diminished  by  Algonquin 
river  outlet,  62^-65". 

Niagara  river  gravels.  Post-pliocene 
fossils,  238-52. 

Niagara    shale,  sec   Rochester   shale. 

Niagara  transition   group,    102'. 

Niagara!!  deposits,  of  New  York 
compared  with  those  of  the  Middle 
states.    i26''-27\ 

Nicholson,  H.  A.,  cited,  25/. 
Xipi^sing,  lake,  62",  77''. 
Nipissing   great   lakes,   62^:   map,  63. 
Xipissing-Mattawa  river,  62",   '77\ 

Obsequent  streams,  4i\  47=,  51'. 

Oncluis  deweyi,  227^-2^^''. 

Oneida  conglomerates,  ^^y. 

(Jngiara  park,   i6\  75'. 

Onondaga  limestone.  29',  ^f,  117"; 
and  Manlius  limestone,  uncon- 
formable contact,   118'. 

Ontario,  lake,  depth,  47".  49;  level. 
61*;  topograi)liv  and  geologv,  47"- 

Ontario  valley,  J7"-5i*. 
Orbicula?  s(iuamiformis,   I7g^. 
Orthis,  185^86'. 

circulus,    i88'-89". 

elegantula,  187". 

fasciata,  187'. 

flabellites.   186', 

flabellulum.    186". 

hybrida.   188'. 

(?)  punctostriata.   I86^ 

py  rami  dale,  189'. 
Orthoceras.  215'- 16'. 

sp..    I0l2\ 

annulatum,    102\   2i5'-i6\ 

medullare  <  ?•,  102',  2i6\ 

multiseptum.  215*^. 

undu'atum.   2i5''-i6\ 
Orthostrophia,   i86''-87". 

(?)  fasciata,  187'. 
Orthothetes.  i83'-85'-'. 

hydraulicus.  i84''-85".  . 

subplanus,  lOi^  I03^  184'. 
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Ostracoda,  2i8'-20*. 
Oswego  sandstone,  xf*  87". 

Paleontologic     history     of     region, 

86'- 1 29'. 
Paleontology,  I3o'-46^ 
Paleozoic  coastal  plain,  development 

of,  3i'-37'. 
Paleozoic  rock  system,   18"'. 

Paleozoic  subdivisions,  table,  20-21. 
Paludina  limosa,  241". 

obtusa,  J42'. 
Pelccypoda.   I02\   105".  206*- 10*,  24=;"'- 

Peneplain,  36',  42". 
Pentamerus,   i9o"-9r'. 

fornicatus,  191^ 

oblongus,  i90"-9i', 
Phacops  limulurus,  224\ 
Phasganocaris?  deweyi.  227"'-28^ 
Pholidops,  179*. 

sciuaniiformis,    lyif. 
Phyllocarida,  226'-28l 
Phylloporina,   i6S''-G(f. 

aspcrato-striata.  i6g\ 
Physa,  244M5'. 

heterostropha.  245\ 
Physical    geography   of   Niagara   re- 
gion,  25'-54''- 
Pilsbrv,     H.     A.,     acknowledgments 

to.    23^\ 
Pisidium.  247*-a8'. 

abditum,  247^ 

conipressum,  247'^ 

scutellatum.  248". 

ultraniontanum.   248\ 

virginicuni.   247'. 
l^itt,   W.   H.,  cited.  235'- 
Planorbis,  245^ 

bicarinatus,   245*. 

parvus,  245'. 
Plants,  11',  i.30"-32". 
Platyceras.   103',  21 1\ 

angulatuni.  211''. 

niagarense.  21 1*. 
Platystoma.  21 T. 

niagarensis,  loi". 
Plectanibonitos.   182-83'. 

scricea,  183". 

transversalis,  loi*,  183' 


Pleurocera,  239*. 
subulare.  239*. 

Pleurotomaria,  212*- 13^ 

littorea,  212^ 

pervetusta,  2I3\ 
Pohlman,  Julius,  cited,  257*,  30',  77^, 

79',  83",   115";  mentioned.   18*. 
Polydilasma  turbinatum,  137^ 
Polypora,  I72\ 

incepta,  172". 
Pomatiopsis,  242*. 

lai)idaria,  74',  242^. 
Porter,  P.  A.,  cited.  7*:  quoted,  10*. 
Post-pliocene  fossils  of  Niagara  river 

gravels,  238-52. 
Potsdam  formation,  facics,  ^f. 
Potsdam  sandstone,  S-^^. 
Pre-Cambric  rocks,  i8^  31^ 
Pre-Cambric   North   American   con- 
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Utilization  of  Water  Power  at  Niagara  Falls. 


Few  branches  of  Engineering  show  more  clearly  the  rapid 
progress  of  the  age  in  which  we  live  than  the  advancement  made 
during  the  past  fifteen  years  in  the  art  of  water  power  develop- 
ment. Nearly  all  of  us  can  remember  the  time  when  the  word 
'* water  wheel"  was  associated  in  our  minds  with  the  rustic  grist 
mill  with  its  stagnant  pond,  its  moss  covered  shingles,  and  its 
slowly  revolving  overshot  wheel.  Such  mills  seemed  to  have 
come  to  us  as  a  legacy  of  the  past.  They  had  no  place  in  the 
strenuous,  hurrying  life  of  the  age  of  steam.  It  is  no  wonder  that 
they  formed^  favorite  subject  for  the  artist  who  wished  to  depict 
an  idyllic  scene  or  a  common  theme  for  the  pastoral  poet.  The 
dull,  monotonous  rumble  of  the  grindstones,  the  groaning  of  the 
wooden  shaft  come  back  to  us  from  our  childhood  days  with  the 
picture  of  the  sleeping  miller,  of  cattle  standing  knee  deep  in 
water  and  all  the  myriad  sights  and  sounds  of  a  drowsy  August 
day.  Little  did  we  think  then  that  in  a  few  years  the  utilization 
of  the  power  of  falling  water  would  form  such  a  chapter  in  our 
national  development  and  in  the  history  of  our  material  prosperity. 
It  seemed  that  except  in  isolated  cases  water  power  development 
was  doomed  to  be  left  far  behind  in  the  race  with  steam.  But 
what  a  wondrous  change  has  now  appeared.  Every  water-fall  in 
settled  communities  is  carefully  examined,  companies  are  formed 
to  develop  its  power,  vast  capital  is  invested  and  some  of  the  best 
engineering  talent  in  the  country  is  employed  in  its  utilization. 
Such  is  the  result  of  the  past  decade  and  yet  the  work  is  only 
begun. 

What  has  caused  this  wondrous  change  ?  What  mighty  magi- 
cian has  wrought  this  transformation  ?  The  question  may  be 
answered  in  one  word, — * 'Electricity."  Thinking  scientists  had 
long  deplored  the  decadence  of  water  power  and  had  carefully  in- 
vestigated its  causes.  They  found  that  it  was  largely  due  to  the 
fact  that  water-falls  were  usually  situated  at  inconvenient  loca- 
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tions,  far  removed  from  the  centers  of  population  and  without 
proper  facilities  for  the  transportation  of  raw  materials  or  finished 
products.  They  had  therefore  reached  the  conclusion  that  the 
crying  need  was  the  transmission  of  the  power  developed  by  water 
wheels,  and  rope  drives,  compressed  air,  water  under  high  pressure 
and  other  forms  of  power  transmission  were  in  turn  experimented 
with  but  each  was  found  to  have  its  limitations,  and  it  is  only  in 
the  past  few  years  that  electrical  engineering  with  its  wonderful 
discoveries  has  practically  solved  the  problem  and  made  available 
at  the  factory  the  power  of  the  distant  stream.  Hence  water  falls 
that  a  few  years  ago  were  considered  only  as  obstructions  to  navi- 
gation are  now  of  great  value.  The  very  language  shows  the 
effect  of  the  change.  A  few  years  ago  we  spoke  of  water-falls, 
now  we  speak  of  water  powers. 

A  few  figures  may  be  interesting  in  this  connection.  According 
to  Census  Bulletin  No.  247  the  water  power  used  in  manufactures 
in  1880  equalled  1,225,000  H.  P. ;  in  1890  1,263,000  H.  P. ;  in  1900 
1,727,000  H.  P. ;  the  increase  from  1880  to  1890  being  3.1%,  while 
from  1890  to  1900  the  increase  was  36  7%.  The  figures  for  1900 
do  not  include  water  power  employed  for  generating  electricity 
used  in  manufactures,  which  would  probably  add  200,000  H.  P.  to 
the  amount  of  water  power  above  mentioned,  thus  making  the 
increase  for  the  last  decade  of  the  19th  century  not  less  than  50%. 
During  the  same  period  the  amount  of  water  power  developed  in 
the  State  of  New  York  was  practically  doubled. 

Of  all  the  water  power  developments  that  marked  the  close  of 
the  last  century  none  was  on  so  large  a  scale,  none  has  attracted 
such  world-wide  interest,  and  none  is  of  such  importance  to  citi- 
zens of  Buffalo  and  its  vicinity  as  the  utilization  of  the  power  of 
Niagara  Falls.  It  is  true  that  the  power  of  this  river  was  used  as 
early  as  1725  when  the  settlers  operated  a  saw  mill  on  the  rapids 
above  the  Falls,  but  it  was  not  until  after  the  year  1890  that  power 
development  at  Niagara  assumed  more  than  a  local  interest.  With 
the  success  of  electrical  generation  and  transmission  there  com- 
menced a  new  phase  in  the  history  of  industrial  Niagara  and  it  is 
with  this  later  form  of  power  utilization  that  we  are  concerned 
tonight. 

There  is  of  course  nothing  new  in  the  idea  of  utilizing  Niagara's 
energy.  Every  man  of  a  mechanical  turn  of  mind  who  ever  con- 
templated the  resistless  force  of  its  falling  water  has  been  impressed 
with  the  fact  that  vast  industrial  progress  would  result  from  the 
diversion  of  even  a  small  proportion  of  this  power  into  useful  chan- 
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nels.  Among  those  who  many  years  ago  felt  the  mighty  power  of 
the  falling  waters  and  contemplated  the  results  of  using  it  to  pro- 
duce useful  mechanical  power  was  the  famous  Dr.  Siemens,  who 
in  a  lecture  delivered  in  1877  before  the  Iron  and  Steel  Institute 
of  Great  Britain  referred  to  his  impressions  of  Niagara  and  stated 
that  all  the  coal  raised  at  that  time  throughout  the  entire  world 
would  be  required  to  produce  energy  equal  to  that  produced  by 
the  falls  alone,  without  considering  the  force  of  the  rapids.  This 
statement  may  have  been  somewhat  exaggerated  but  the  following 
figures  are  believed  to  be  accurate.  The  total  difference  in  level 
of  Lakes  Erie  and  Ontario  is  328  feet.  The  minimum  flow  in  the 
Niagara  River,  as  observed  by  the  government  engineers  is  178,000 
cubic  feet  per  second.  The  total  energy  represented  by  this 
amount  of  water  in  passing  from  one  lake  to  the  other  therefore 
equals  6,635,000  H.  P.  or  in  passing  from  the  upper  river  above 
the  rapids  to  a  point  above  the  lower  rapids  equals  4,380,000  H.  P. 
But  such  figures  are  like  those  representing  the  capital  of  the  steel 
trust,  (although  this  is  not  entirely  a  *  *  water"  power),  or  the  distance 
to  the  nearest  fixed  star — they  convey  but  little  meaning.  But 
take,  as  an  example,  the  energy  produced  by  a  single  cubic  foot  of 
water  per  second  in  dropping  from  the  upper  river  to  a  point  below 
the  falls,  which  is  25  H.  P.  That  does  not  seem  a  large  amount 
in  these  days  of  large  numbers,  but  what  does  it  represent?  A 
force  sufficient  to  raise  a  one  pound  weight  234  miles  in  one  second, 
to  raise  a  large  sized  passenger  locomotive  to  the  height  of  a  man's 
head  in  one  minute,  or  to  raise  an  audience  of  500  people  from  the 
floor  to  the  ceiling  of  an  ordinary  room  in  one  minute.  And  this 
is  done  by  a  bucket  of  water.  Perhaps  this  may  give  us  some  idea 
of  the  power  that  has  carved  the  history  of  the  ages  on  the  rocky 
walls  of  Niagara's  gorge. 

To  utilize  a  portion  of  this  enormous  power  four  great  companies 
are  now  at  work  and  a  fifth  is  about  to  commence  operations.  It 
is  the  object  of  our  talk  to-night  to  give  a  brief  outline  of  the  plans 
of  each  of  these  companies  and  to  call  your  attention  to  such  points 
in  their  several  plans  of  development  as  may  be  of  special  interest. 

The  first  company  to  engage  in  the  development  and  sale  of 
power  on  a  large  scale  was  the  Niagara  Falls  Hydraulic  Power  and 
Manufacturing  Co.  The  plan  under  which  this  company  is  work- 
ing was  outlined  by  Augustus  Porter  of  Niagara  Falls  in  1847. 
Previous  to  that  time  a  few  water  wheels  had  been  operated  from 
a  canal  above  the  falls  and  a  paper  mill  had  been  built  on  Bath 
Island,  but  Mr.  Porter  sought  for  some  method  of  development 
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that  would  not  mar  the  scenic  features  of  the  falls  and  therefore 
proposed  that  a  canal  should  be  cut  from  the  upper  river,  just 
above  the  rapids,  to  a  point  on  the  top  of  the  high  bank  of  the  river 
below  the  falls,  the  water  from  such  canal  to  be  discharged  into 
the  lower  river  after  operating  wheels  set  below  the  level  of  the 
ground  surface.  The  almost  level  surface  of  the  ground  between 
the  points  of  entry  and  discharge  and  the  substantial  character  of 
the  rock  through  which  it  would  pass  made  the  project  an  ideal 
one.  Nevertheless  Mr.  Porter  failed  to  interest  capital  in  this  pro- 
ject and  it  was  not  until  after  his  death  that  work  was  commenced. 
Even  then  the  excavation  of  the  canal  was  carried  on  intermittently 
by  various  parties  until  in  1861  Horace  H.  Day  completed  a  canal 
4,400  feet  long,  36  feet  wide  and  8  feet  deep.  At  the  lower  end 
of  this  canal  was  constructed  a  basin  or  forebay,  parallel  with  the 
face  of  the  cliff  and  about  350  feet  from  it,  the  present  size  of  this 
basin  being  70  feet  by  600  feet  although  it  was,  of  course,  much 
smaller  at  first.  Even  then  the  opportunities  of  the  power  do  not 
appear  to  have  been  appreciated  and  it  was  not  until  1870  that  the 
first  mill  was  built  to  use  water  from  this  canal.  In  1877  the  canal 
and  the  property  and  rights  belonging  thereto  were  purchased  by 
Mr.  Jacob  F.  Schoellkopf  and  Mr.  A.  Chesborough  who  organized 
the  present  company.  The  number  of  mills  utilizing  this  source 
of  power  has  steadily  increased  until  at  the  present  time  the  various 
industries  in  the  lower  milling  district  (so  called)  develop  about 
7,500  H.  P.  including  that  in  use  in  the  lower  mill  of  the  Cliff  Pa- 
per Co.  Most  of  these  factories  have  constructed  their  own  wheel- 
pits  and  installed  their  own  wheels. 

A  good  indication  of  the  progress  made  in  hydraulic  develop- 
ment in  the  last  few  years  is  the  fact  that  the  original  grants  of 
the  Hydraulic  Power  and  Manufacturing  Co.  did  not  include  the 
slope  of  the  bank  between  the  bottom  of  the  vertical  cliff  and  the 
edge  of  the  lower  river,  giving  a  right  to  excavate  only  100  feet 
below  the  top  of  the  bank,  as  it  was  considered  that  wheels-  would 
never  be  constructed  to  operate  under  a  greater  head  than  this, 
and  it  was  not  until  1886  that  the  Hydraulic  Co.  secured  deeds  for 
this  lower  slope.  As  a  matter  of  fact  none  of  the  mills  thus  far 
mentioned  utilized  a  head  of  more  than  50  or  60  feet  and  many  of 
them  used  a  still  lower  fall.  The  consequence  is  that  an  engineer 
when  looking  at  the  cliff  below  these  mills  and  seeing  the  large 
amount  of  water  falling  from  the  outlets  of  the  various  wheelpits 
is  impressed  with  the  vast  amount  of  power  going  to  waste.  At 
least  10,000  H.  P.  is  thus  lost,  or  enough  to  supply  all  the  indus- 
tries of  many  a  good  sized  city. 


UTILIZATION  OF  WATER  POWER  AT  NIAGARA   FALLS.  7 

In  1 88 1  the  Niagara  Falls  Hydraulic  Power  and  Manufacturing 
Co.  installed  their  first  plant  for  supplying  power.  This  consisted 
of  a  shaft  20  feet  by  40  feet  sunk  to  a  depth  of  80  feet,  200  feet 
back  from  the  edge  of  the  cliff,  a  discharge  tunnel  being  carried 
from  the  bottom  of  this  slot  to  the  face  of  the  high  bank.  Water 
from  the  canal  was  led  through  iron  penstocks  to  two  wheels  loca- 
ted in  this  pit.  These  wheels  have  vertical  axes,  one  being  of 
1,000  H.  P.  and  one  of  500  H.  P.,  the  head  employed  being  75  feet. 
The  power  from  these  wheels  is  transmitted  to  customers  by  rope 
drives  and  belting,  the  length  of  such  transmission  being  incon- 
siderable. A  third  wheel  with  a  capacity  of  600  H.  P.  with  hori- 
zontal shaft  has  since  been  placed  in  this  wheelpit. 

In  1892  the  Niagara  Falls  Hydraulic  Power  and  Manufacturing 
Co.  commenced  to  enlarge  their  canal  to  a  width  of  70  feet  and  a 
depth  of  14  feet.  In  the  same  year  a  change  was  made  in  the 
plan  of  development  and  a  system  inaugurated  which  was  in  many 
respects  similar  to  that  now  employed.  The  Cliff  Paper  Mill  de- 
sired additional  power  for  grinding  pulp  and  as  the  capacity  of  the 
oriijinal  canal  was  exhausted  and  they  were  not  willing  to  wait  for 
the  completion  of  the  canal  extension,  it  was  determined  to  use 
the  discharge  water  from  the  wheels  then  installed  in  the  wheelpit 
above  described.  Accordingly  a  new  tunnel  was  driven  from  the 
face  of  the  cliff  to  connect  with  the  bottom  of  the  wheelpit  and  the 
discharge  water  was  thus  led  to  a  steel  penstock  8  feet  in  diameter 
laid  on  the  same  slope  as  the  talus.  In  case  sufficient  water  is  not 
discharged  from  the  upper  wheels  an  arrangement  is  provided  for 
admitting  water  from  the  basin  directly  into  the  upper  tail  race. 
The  loose  rock  was  cleared  from  the  top  of  a  layer  of  red  sandstone 
lying  just  above  the  water  of  the  lower  river.  On  this  surface  was 
built  a  two-story  pulp  mill,  the  lower  story  containing  four  water 
wheels  having  a  total  capacity  of  2,500  H.  P.  These  wheels  are 
fed  from  a  ten  foot  receiver  connected  with  the  penstock.  Three 
of  these  are  directly  connected  with  the  wood  grinders  and  one 
wheel  is  used  to  drive  a  generator  operating  the  paper  making 
machines  in  the  upper  mill.  This  was  one  of  the  first,  if  not  the 
first  instance  of  electricity  being  used  for  operating  paper  making 
machinery.  The  wheels  operate  under  a  head  of  1 25  feet,  are  66'' 
in  diameter  and  are  of  the  inward  flow  type  on  horizontal  axes. 
Like  all  the  turbines  used  by  the  Hydraulic  Power  and  Manufact- 
uring Company,  these  wheels  are  of  American  design.  An  in- 
clined conveyor  is  used  for  transportation  of  men  and  materials 
between  the  upper  and  lower  works. 
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The  plant  for  the  Cliff  Paper  Co.  was  the  fore-runner  of  the 
present  electrical  power  plant  of  the  Hydraulic  Co.     As  soon  as 
the  company  saw  that  electrical  generation  and  transmission  was 
an  assured  success  and  that  Niagara  Falls  was  destined  to  become 
one  of  the  great  electro  chemical  centers  a  line  of  pipe  was  laid 
from  the  basin  to  the  edge  of  the  lower  river  and  water  under  a 
head  of  210  feet  thrown  from  a  giant  nozzle  or  **Monitor"  com- 
menced to  wash  away  the  rock  that  for  ages  had  fallen  from  the 
bank  above  to  the  shores  of  the  gorge  below.     A  level  strata  near 
the  waters  edge  was  cleared,  the  fallen  boulders  were  used  for 
masonry  and  a  power  house  100  feet  wide  was  built  immediately 
below  the  old  mills,  being  located  a  short  distance  above  the  upper 
steel  arch  bridge.     To  this  power  house  water  was  led  from  the 
basin  above  in  a  steel  penstock  1 1  feet  in  diameter.     Successive 
additions  have  been  made  to  this  power  house  and  two  more  pen- 
stocks have  been  added,  one  1 1  feet  in  diameter  and  one  8  feet  in 
diameter.     The  canal  has  been  excavated  to  a  width  of  100  feet 
and  a  depth  of   18  feet  until  it  has  a  capacity  of  about  100,000 
II.  P.  at  a  velocity  of  4  feet  per  second.     The  power  house  below 
the  bank  now  contains  the  following  turbine  wheels,   viz: — 3  of 
1650  II.  P.  ;    I  of   1900  H.  P.  ;    4  of  2300  H.  P.  ;   i  of  2800  H.  P.  ; 
and  5  of  2900  H.  P.     An  exciter  wheel  of  250  H.  P.  is  about  to  be 
installed.     Your  attention  is  called  to  the  fact  that  these  wheels 
operate  under  a  head  of  210  feet,  one  of  the  highest  heads  used  in 
the  K'dst  on  turbine  wheels.     Each  wheel  is  of  the  outward  flow 
type  wiih   horizontal    shafts.      Water  from   the  penstocks  enters 
steel  receivers  placed  beneath  the  floor  and  thence  to  the  wheels 
through  60"  pipes  controlled  by  hydraulically  operated  gate  valves. 
The  supply  pipes  enter  the  bottom  of  each  wheel  case  at  the  center 
and  the  water  is  discharged  through  two  draft  tubes,  one  on  each 
side.     The  level  of  the  tail  race  into  which  the  draft  tubes  dis- 
charge is  maintained  several  feet  above  the  average  level  of  the 
lower  river  so  that  the  wheels  are  said  to  work  under  a  practically 
constant  head.     Two  dynamos  are  directly  coupled  to  each  wheel 
4  of  these  being  direct  current  machines  and  24  alternating  current 
machines.      Two  11,000  volt  alternators  and  an  exciter  dynamo 
will  be  installed  in  April.     The  voltage  of  most  of  the  dynamos  is 
very  low,  the  current  being  transmitted  to  the  top  of  the  bank 
only  through  copper  and  aluminum  bars  and  cables.     The  plant 
therefore  presents  at  present  no  interesting  problems  in  transmis- 
sion of  power,  but  the  1 1,000  volt  dynamos  are  for  transmission  of 
power  to  the  new  factory  district  at  the  north  end  of  the  city  of 
Niagara  Falls. 
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From  the  above  details  a  figure  to  be  carried  away  with  you  to- 
nig^it  is  that  the  wheels  now  installed  by  the  Hydraulic  Power  and 
Manufacturing  Co.  and  its  customers  have  a  total  capacity  of  38,000 
H.  P.,  an  amount  approximately  equal  to  the  total  power  at  Hol- 
yoke.  Very  important  is  the  announcement  that  a  new  power 
house  with  a  capacity  of  50,000  H.  P.  is  about  to  be  commenced. 
This  power  house  will  contain  high  voltage  dynamos  and  will  be 
used  for  supplying  new  industries  in  the  district  just  mentioned. 
Niagara  Falls  will  then  contain  three  great  factory  districts  using 
an  amount  of  electrical  power  far  exceeding  that  of  any  city  in  the 
world  which  employs  water  as  its  motive  force.     . 

In  the  year  1885  there  came  to  Niagara  Falls  in  the  course  of 
his  professional  services  for  the  State  of  New  York  an  engineer 
whose  name  should  ever  be  remembered  by  those  interested  in  the 
commercial  prosperity  of  the  Niagara  Frontier,  Thomas  Evershed, 
the  man  with  the  idea.  Engaged  in  plans  to  prevent  the  spoilation 
of  one  of  the  most  sublime  of  nature's  spectacles,  he  saw  that  such 
plans  were  not  inconsistent  with  the  utilization  of  a  part  of  the 
enormous  power  represented  by  Niagara's  falling  waters.  He 
believed  that  by  driving  a  tunnel  from  the  lower  river  to  a  point 
above  the  mouth  of  the  Hydraulic  Power  Company's  canal  such 
tunnel  could  be  used  for  the  discharge  of  water  from  the  upper 
river  after  it  had  done  its  work  in  the  generation  of  power.  This 
idea  of  a  discharge  tunnel  was  not  entirely  a  new  one,  as  it  had 
previously  been  employed  at  St.  Anthony's  Falls  on  the  Mississippi, 
but  the  application  of  this  principle  to  Niagara  had  apparently 
never  been  suggested  until  it  was  advocated  by  Mr.  Evershed. 
Having  the  courage  of  his  convictions  he  soon  interested  local  bus- 
iness men  in  his  scheme  and  a  company  of  eight  was  formed  which 
on  March  31st,  1886,  obtained  from  the  State  of  New  York  a 
special  charter  which  permitted  the  diversion  of  sufficient  water 
from  the  upper  river  to  generate  250,000  H.  P.  On  June  ist,  1886, 
Mr.  Evershed  issued  his  first  formal  plan  and  estimate  to  which  the 
attention  of  capitalists  was  soon  attracted  and  in  1889  was  formed 
a  strong  combination  of  men  whose  financial  reputation  was  world- 
wide. They  organized  the  Cataract  Construction  Co.  to  build  the 
plant  of  the  Niagara  Falls  Power  Co.,  the  parent  Co.  The  Cata- 
ract Construction  Co  has  now  practically  gone  out  of  business,  the 
investors  who  formerly  composed  it  having  acquired  a  controlling 
interest  in  The  Niagara  Power  Co.  and  continuing  operations  in 
its  name.  The  plant  of  this  company,  especially  in  its  earlier 
stages,  has  been  so  fully  described  in  both  the  engineering  press 
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and  in  the  local  papers  that  its  principal  features  are  familiar  to 
you  all  and  it  is  the  intention  of  the  present  lecture  to  call  atten- 
tion to  only  the  more  unusual  or  interesting  of  its  details  with  such 
a  brief  description  of  its  general  plans  as  may  be  necessary  to  an 
understanding  of  such  details. 

In  the  first  place  consider  the  main  conception, — a  tunnel  i^ 
miles  long,  200  feet  beneath  the  surface,  with  an  area  of  335  square 
feet,  designed  to  carry  water  at  the  rate  of  29  feet  per  second,  an 
aqueduct  such  as  was  never  before  built  in  the  history  of  man — a 
conception  such  as  could  come  only  to  a  man  with  an  imagination, 
an  imagination  touched  by  the  inspiration  of  the  great  cataract 
within  whose  sound  he  had  toiled  so  long.  Its  immensity  may  im- 
press us  more  when  we  think  that  when  running  to  its  designed 
capacity  such  a  tunnel  will  carry  enough  water  in  one  minute  to 

supply  a  city  of  10,000  inhabitants  with  drinking  water  for  a  year 
and  a  quarter. 

Mr.  Evershed's  plan  was  no  sooner  formulated  than  it  received 
severe  criticism  and  eminent  men  condemned  it  as  impracticable. 
Fortunately  for  Buffalo  the  results  have  amply  proven  the  incor- 
rectness of  such  criticism.  The  faith  of  the  investors  was  not 
shaken  and  the  preparation  of  working  plans  was  immediately 
begun.  In  order  that  such  plans  might  be  as  perfect  as  possible 
an  International  Niagara  Falls  Commission  was  formed  June  1890 
composed  of  five  noted  engineers  from  America,  England,  France 
and  Switzerland.  Competitive  design  for  power  development 
were  invited,  prizes  amounting  to  22,000  dollars  were  offered  and 
by  January  first  1891  22  designs  were  received  from  engineers 
dwelling  from  Buda  Pesth  to  San  Francisco.  From  these  designs 
that  of  Faesch  &  Piccard  of  Geneva,  Switzerland,  was  considered 
worthy  of  first  prize  and  they  proceeded  with  the  design  of  the 
turbine  wheels.  It  was  decided  that  such  wheels  were  to  work 
under  a  head  of  136  feet  and  after  several  modifications  it  was 
determined  to  place  the  wheels  in  one  long  slot  in  the  rock,  the 
end  of  such  slot  to  be  connected  with  the  tunnel. 

The  form  of  wheels  and  their  general  arrangement  having  been 
decided  upon,  the  next  question  that  arose  was  the  form  in  which 
their  power  should  be  employed  and  the  method  of  its  transmis- 
sion. This  may  seem  a  very  easy  question  to-day  but  look  back- 
ward and  put  yourselves  in  the  position  of  the  engineers  of  13  years 
ago.  There  were  then  only  3  examples  of  commercial  electrical 
power  transmission  in  the  world,  all  of  them  in  France,  where 
power  was  transmitted  for  a  short  distance.     Mr.  George  Westing- 
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house  stated  as  his  opinion  that  power  coiild  be  transmitted  from 
Niagara  Falls  to  Buffalo  by  compressed  air  only.  (Fortunately 
for  Mr.  Westinghouse's  business  he  was  mistaken  )  In  spite  of 
the  meagre  knowledge  of  electrical  generation  and  transmission, 
it  was  decided  in  December,  1 8g  i ,  to  ask  for  competitive  plans  and 
estimates  for  the  generation  of  electrical  power  and  its  transmis- 
sion, both  locally  and  to  Buffalo.  After  a  thorough  study  of  these 
plans  the  general  form  of  dynamo  was  decided  upon  and  a  con- 
tract was  let  for  the  construction  of  three  5000  H.  P.  two  phase 
alternating  current  aaoo  volt  machines  at  25  cycles  per  second. 
You  say  you  do  not  see  anything  very  remarkable  about  that,  that 
nearly  every  little  water  power  plant  in  the  country  produces  alter- 
nating current,  Yes,  it  seems  very  easy  after  it  has  been  done 
and  proven  successful,  but  it  should  be  remembered  that  in  1891 
nearly  every  great  scientist  in  the  world  advised  against  the  use 
of  alternating  currents  and  great  credit  should  be  given  to  the  far- 
seeing  wisdom  of  those  who  decided  that  the  greatest  plant  in  the 
land  should  use  this  form  of  energy.  As  a  further  example  of  the 
courage  required  to  make  the  decision  to  generate  electric  power 
it  may  be  remarked  that  in  i8go  there  was  in  use  in  the  United 
States  only  15,569  E.  H.  P.,  nearly  all  direct  current.  So  the 
Niagara  Falls  Power  Co.  proposed  to  double  by  their  first  installa- 
tion of  three  5000  E  H.  P.  wheels  the  amount  of  electrical  power 
employed  in  the  whole  country.  The  size  of  the  units  employed 
is  also  worthy  of  notice  for  while  they  have  since  been  exceeded 
they  were  a  great  step  in  advance  at  a  time  when  no  dynamo  of 
more  than  J500  H.  P.  had  been  put  in  successful  operation. 

The  general  form  and  size  of  the  wheels  and  the  method  of  gen- 
eration having  been  decided  upon  the  next  step  was  to  plan  the 
general  arrangement  of  the  station.  It  was  decided  to  build  a 
canal  whose  outer  end  should  project  about  600  feet  beyond  the 
then  shore  line,  the  lands  under  water  to  the  outer  end  of  the  canal 
being  filled  with  the  excavated  material.  After  many  studies  the 
mouth  of  the  canal  was  located  about  1400  feet  above  the  mouth  of 
the  Hydraulic  Company's  canal.  This  head  race  had  a  width  of 
;&bout  I  So  feet  at  the  mouth,  1 00  feet  at  the  upper  end,  was  1500 
feet  long  and  ii  feet  deep.  When  100,000  H.  P.  is  being  devel- 
oped from  water  supplied  from  this  canal  the  maximum  velocity 
in  it  will  be  about  4  feet  per  second.  It  is  interesting  to  note  that 
the  canal  was  so  planned  that  if  electrical  transmission  had  not 
■proven  a  success,  it  could  be  extended  for  a  mile  and  a  half  np  the 
that  the  tunnel  could  be  extended  beneath  it  and  hydraulic 
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installations  could  thus  draw  water  from  the  canal  and  discharge 
into  the  tunnel.  This  was  a  wise  provision  but  fortunately  it  has 
not  been  necessary  to  take  advantage  of  it  and  no  tenant  of  the 
Power  Co.  develops  its  own  hydraulic  power  except  the  Interna- 
tional Paper  Co.  whose  plant  was  built  before  electric  power  was 
installed. 

Before  the  commencement  of  their  operations  the  Niagara  Falls 
Power  Co.  and  Cataract  Construction  Co.  had  purchased  tracts  of 
land  on  which  their  future  tenants  could  locate,  such  holdings  em- 
bracing 1 58 1  acres  or  2^  square  miles,  most  of  which  is  now 
within  the  city  limits  of  Niagara  Falls.  A  part  of  these  holdings 
were  taken  over  by  the  Niagara  Development  Co.  for  a  model 
town  and  by  the  Niagara  Junction  Railway  Co.  for  a  terminal  rail- 
way to  transport  raw  material  and  finished  products  to  and  from 
the  several  factories,  connections  being  planned  with  all  trunk  rail- 
roads entering  the  city.  The  Power  Company's  property  has  a 
river  frontage  of  about  two  miles  and  the  acquisition  of  lands 
under  water  gives  dockage  facilities  for  this  entire  length.  A  rail- 
way dock  was  built  in  1893  and  material  can  thus  be  transported 
by  water  and  the  Niagara  Junction  Railway  to  the  doors  of  any 
tenant.  Ample  land  and  transportation  facilities  were  thus  provi- 
ded by  the  company  for  all  factories  using  their  power. 

The  construction  of  the  tunnel  itself  was  a  matter  of  no  small 
moment  even  fn  these  days  of  large  numbers,  involving  as  it  did 
the  removal  of  300,000  tons  of  excavated  material,  the  use  of 
16,000,000  bricks  and  an  expenditure  of  over  one  million  dollars 
Ground  was  broken  for  shaft  excavation  in  September  1890  and 
the  contract  for  the  construction  of  the  first  6700  feet  was  comple- 
ted in  January  1893.  Work  was  prosecuted  from  the  portal  shaft 
and  from  two  intermediate  shafts.  The  roof  of  the  excavation  is 
secured  with  timbers  for  most  of  its  length  and  it  is  lined  with 
i6>4"  of  brick  work,  the  height  and  width  inside  of  brickwork 
being  21  feet  and  18  feet  10  inches  respectively.  The  slope  of  the 
tunnel  is  7  feet  in  1000  for  5000  feet  and  4  feet  in  1000  the  remain- 
ing distance  to  the  wheelpit.  An  interesting  feature  of  the  tunnel 
is  the  steel-lined  ogee  at  the  portal,  a  drop  of  10)^  feet  occuringin 
a  distance  of  95  feet.  This  provision  renders  the  tunnel  accessible 
for  inspection  to  the  top  of  the  ogee  at  all  ordinary  stages  of  the 
lower  river.  It  may  be  remarked  in  this  connection  that  on  June 
I  St  last  all  power  was  shut  off  from  the  plant  and  a  thorough  in- 
spection was  made  of  the  tunnel.  The  masonry  was  found  to  be 
in  perfect  condition  after  seven  years  of  service. 
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The  wheelpit  for  the  first  installation  was  a  slot  excavated  in  the 
solid  rock  to  a  depth  of   178  feet,   the  width  being  18  feet  and 
length  140  feet.     This  was  completed  in  1893  and  in  1896  work 
was  commenced  on  the  extension  of  the  pit  to  a  length  of  425  feet. 
The  original  wheelpit  was  excavated  in  the  ordinary  manner  but 
in  the  extension  the  sides  were  cut  from  top  to  bottom  with  chan- 
neling machines,  thus  preventing  the  shattering  of  the  rock  beyond 
the  desired  limits.     When  the  excavation  of  the  extension  was 
nearly  complete  grave  apprehension  was  caused  by  a  slight  inward 
movement  of  the  wheelpit  and  fears  were  expressed  that  such 
movement  might  continue  and  so  ruin  the  installation  made  at  so 
great  an  expense.     It  is  a  satisfaction  to  record  that  a  very  careful 
series  of  measurements  covering  a  period  of  nearly  six  years  show 
that  such  inward  movement  has  now  entirely  ceased  and  it  may  be 
confidently  stated  that  it  will  never  occur  again,  being  probably 
oaused  in  the  first  instance  by  the  blasting  operations  in  the  wheel- 
pit  extension. 

As  before  mentioned,  the  first  installation  of  the  Niagara  Falls 
Power  Co.  consisted  of  three  imits  and  a  description  of  one  of  these 
^11  sufHce  for  all  of  the  machinery  in  the  first  wheelpit  as  the  ten 
units  now  installed  there  are  practically  alike.  Water  passes  to 
each  unit  from  the  canal  through  a  masonry  inlet  14  feet  wide  to 
the  mouth  of  the  steel  tube,  or  penstock,  7'  6"  diameter,  through 
which  it  passes  down  the  wheelpit  to  the  wheel  case,  141 1^  feet 
below  the  Power  House  floor.  This  wheel  case  is  a  huge  casting 
about  10  feet  in  height  and  6  feet  in  diameter  and  is  filled  with 
water  under  a  pressure  of  59  lbs.  per  square  inch.  The  only  escape 
for  this  water  is  through  openings  in  the  circumference  near 
the  top  and  bottom.  The  form  of  these  openings  is  such  that 
water  passing  through  them  comes  in  contact  with  the  wheels 
placed  immediately  outside  of  them  at  exactly  the  proper  angle  to 
produce  the  required  power.  There  are  thus  two  wheels  attached 
to  each  shaft,  the  water  acting  on  them  to  produce  5000  U.  P. 
From  the  above  description  you  will  note  that  the  wheels  are  of 
the  Foumeyron  or  outward  discharge  type.  The  water  discharged 
from  the  wheels  drops  into  the  bottom  of  the  wheelpit  and  thence 
goes  into  the  tunnel. 

The  shaft  to  which  the  wheels  are  attached  rises  155  feet  to  the 
top  of  the  generator  where  it  connects  with  the  revolving  field 
ring.  Suitable  bearings  are  of  course  provided  to  preserve  the 
alignment  of  this  shaft. 
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A  very  interesting  feature  is  the  manner  in  which  the  enormous 
weight  of  the  revolving  parts  is  supported.  Consider  for  a  mo- 
ment a  weight  of  76  tons  revolving  at  the  rate  of  250  revolutions 
per  minute.  The  weight  is  equal  to  that  of  1000  persons  of  average 
size  and  is  moving  at  an  average  rate  about  equal  to  that  of  the 
Empire  State  Express.  You  can  readily  see  that  it  is  no  slight 
task  to  support  such  a  mass.  Lignum-vitae,  cast  iron  and  steel  have 
been  successively  recommended  for  this  purpose  but  in  wheelpit 
No.  I  the  great  majority  of  the  revolving  weight  is  borne  by  the 
same  water  that  drives  the  wheels.  It  is  difficult  to  explain  this 
without  the  aid  of  a  model,  but  some  idea  of  the  principle  may  be 
gained  when  it  is  said  that  a  hole  is  cut  in  the  top  of  the  wheel 
case  and  into  this  hole  is  fitted  a  disc  which  connects  the  wheel  to 
the  shaft.  This  disc  is  so  proportioned  that  the  water  in  the  wheel 
case  acting  upward  with  a  pressure  of  56  pounds  per  square  inch 
of  disc  balances  the  moving  weight. 

As  the  pressure  in  the  wheel  case  varies  with  the  amount  of 
power  developed  the  revolving  weight  cannot  be  exactly  balanced 
at  all  times,  but  with  the  Fourneyrou  wheels  such  unbalanced 
weight  under  ordinary  circumstances  never  exceeds  3500  lbs.,  and 
this  is  readily  supported  by  collars  placed  on  the  shaft  about  15 
feet  below  the  power  house  floor. 

For  electrical  generation  it  is  of  course  necessary  that  the  speed 
of  the  turbines  should  be  kept  constant  at  all  times.  In  order  to 
accomplish  this  a  cylindrical  gate  is  placed  on  the  outside  of  the 
wheels,  such  gate  being  connected  by  a  series  of  levers  with  a  gov- 
ernor placed  on  the  power  house  floor.  The  gate  is  thus  raised  or 
lowered  to  correspond  to  the  amount  of  load  on  the  generator. 
For  example  if  the  machine  is  fully  loaded  the  gate  is  raised  to  its 
highest  position,  thus  uncovering  the  entire  wheel  and  allowing 
the  maximum  amount  of  water  to  escape.  If  then  a  customer  con- 
nected with  such  dynamo  should  suddenly  throw  off  2500  H.  P.  it 
would  be  necessary  that  the  gate  should  be  approximately  half 
closed  or  one  half  of  the  power  developed  would  be  used  to  make 
the  wheel  run  away.  Immediately  upon  the  withdrawal  of  the 
half  load  the  governor  automatically  acts  to  half  close  the  gate. 
More  than  once  during  the  operation  of  the  plant  the  entire  load 
has  been  instantly  thrown  off  and  the  governors  have  closed  the 
gates  without  any  serious  increase  in  speed.  The  strength  of  the 
revolving  parts  is  so  calculated  that  the  speed  may  be  increased 
60%  without  increasing  the  stress  beyond  the  safe  limit.  The 
governors  on  the  first  three  imits  were  designed  by  Faesch  &  Pic- 
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card  and  are  purely  mechanical  in  their  action.  The  governors  on 
units  4  to  lo  inclusive  are  electro-mechanical  in  their  action,  while 
those  for  units  ii  to  21  were  designed  by  Escher,  Wyes  &  Co.  of 
Zurich  and  are  operated  by  oil  under  high  pressure. 

To  revert  to  the  history  of  the  plant, — the  power  furnished  was 
so  satisfactory  and  the  demand  for  such  power  increased  so  rapidly 
that  on  January  22nd  1897  a  contract  was  let  for  five  additional 
units  of  5000  H.  P.  and  on  January  25th,    1899  a  further  contract 
was  made  for  two  additional  units,  making  a  total  of  50000  H.  P. 
As  this  amount  of  power  still  proved  insufficient  to  serve  the  pur- 
pose of  local  tenants  and  of  the  Buffalo  load  a  still  further  instal- 
lation became  necessary  and  the  important  question  arose  as  to 
Inhere    such    additional    power   should   be   developed.       As   the 
tunnel  was  originally  built  with  a  capacity  of  100,000  H.  P.  the 
"water  from  the  future  wheels  to  the  extent  of  50,000  H.  P.  would 
of  course  be  discharged  into  the  tunnel,   but   the   question  was 
-whether  additional  wheels  should  be  placed  in  an  extension  of  the 
first  wheelpit  or  in  a  new  wheelpit  placed  on  the  opposite  side  of 
the  canal.     After  careful  consideration,  the  latter  plan  was  adopted 
and  on  November  3rd,  1899,  a  contract  was  let  to  excavate  a  new 
wheelpit  468  feet  long,  20  feet  wide  and  about  1 78  feet  deep,  an 
extension  of  the  tunnel,  650  feet  long,  being  made  to  connect  such 
wheelpit  with  the  old  tunnel.     The  plan  adopted  has  many  advan- 
tages, among  them  being  the  opportunity  to  build  a  power  house 
which  should  embody  the  results  of  the  experience  gained  in  ope- 
rating the  first  power  house,   the  distribution  of  current  between 
the  two  sides  of  the  canal,  and  the  added  secufity  against  interrup- 
tion of  service.     In  other  words,  the  eggs  would  not  all  be  in  one 
basket.     You  know  Mark  Twain  says  to  '*placc  all  your  eggs  in 
one  basket  'and  then  watch  that  basket"  but  in  spite  of  continual 
watchfulness  eggs  are  sometimes  broken.     This  second  wheelpit 
has  now  been  completed  and  six  5500  H.  P.  turbines  with  their 
shafting  and  generators  are  now  installed  in  it.     Five  additional 
units  are  ordered  and  their  installation  has  now  commenced.     By 
next  fall  such  units  will  be  completed  and  the  Niagara  Falls  Power 
Co.  will  thus  have  a  total  of  110,000  electrical  H.  P.  for  sale. 

The  turbines  placed  in  wheelpit  No.  2  are  of  an  entirely  different 
type  from  those  in  power  house  No.  i.  Only  one  wheel  instead  of 
two  is  attached  to  each  shaft  and  the  water  from  the  wheel  case 
passes  in  an  inward  and  downward  dircct'on  through  this  wheel, 
being  discharged,  not  into  the  air,  but  through  two  draft  tubes 
into  the  water  in  the  bottom  of  the  wheelpit.  These  wheels  were 
designed  by  Escher,  Wyss  &  Co.  of  Zurich,  Switzerland. 
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A  very  interesting  and  important  test  was  made  on  November 
19th,  1 90 1  to  conclusively  determine  the  carrying  capacity  of  the 
tunnel  and  thus  prove  the  correctness  of  the  calculations  made  in 
designing  such  an  unprecedented  engineering  structure.  An 
amount  of  water  was  discharged  through  the  wheels,  completed 
and  uncompleted,  in  wheelpits  i  and  2  equal  to  that  which  will  be 
required  for  wheels  generating  105,000  H.  P.  in  commercial  ser- 
vice and  it  was  found  that  the  tunnel  readily  discharged  this  qtian- 
titv  o^  water. 

Time  forbids  more  than  a  brief  reference  to  that  most  interesting 
problem,  the  manner  in  which  electric  power  is  transmitted  to 
Buffalo.  The  current  from  the  generators  flows  to  the  switch- 
board where  the  controlling  devices  are  situated  and  thence  to  the 
largest  transformers  ever  manufactured  where  the  voltage  or  inten- 
sitv,  of  current  is  raised  from  2200  volts  to  22,000  volts.  It  then 
passes  over  bare  copper  wires  through  the  intermediate  towns  to 
the  terminal  house  in  this  city  where  the  voltage  is  reduced  to  2200 
volts  for  local  distribution  to  the  various  sub  stations.  Three  sep- 
arate and  distinct  transmission  lines  of  three  wires  are  now  in  use 
and  if  any  of  these  lines  is  interrupted  the  current  can  be  trans- 
mitted on  the  other  two  lines.  These  lines  are  daily  patrolled  and 
constant  watchfulness  is  exercised  to  prevent  such  interruption. 

But  whi'.e  Dower  develooment  on  the  American  side  has  thus 
been  advancing  by  leaps  and  bounds,  the  Canadian  shores  have 
not  escaped  the  attention  of  capitalists  anxious  to  utilize  a  part  of 
Niagara's  energy.  The  material  features  of  the  problem  there 
presented  are  quite  similar  to  those  already  described,  but  the 
business  aspects  of  the  case  are  somewhat  different.  The  Province 
of  Ontario  has  set  aside  for  park  purposes  a  large  tract  lying  be- 
tween the  uDoer  Suspension  Bridge  and  the  Dufferin  Islands  and 
in  addition  control  a  strip  of  land  66  feet  wide  extending  from 
Lake  Erie  to  Lake  Ontario.  As  the  works  of  any  water  power 
plant  must  necessarily  cross  under  or  over,  or  be  situated  upon 
such  park  lands  it  is  evident  that  all  Canadian  water  power  devel- 
OLvv.ect  must  be  subiect  to  the  cor.trol  of  the  Park  Commissioners 
and  in  turn  to  the  Ontario  Legisl:iture.  It  was  evident,  however. 
that  a  pvnver  house  located  in  the  Queen  Victoria  Niagara  Falls 
Park  whether  on  the  upper  or  lower  river  would  be  much  nearer 
the  falls  than  would  be  possible  on  the  American  side  as  the  State 
of  New  York  wou\I  per:v.:t  no  -j^^wer  development  within  the 
boun^iaries  of  its  proj^erty.  Bcin^  desirous  of  securing  an  oppor- 
tunity for  so  favorable  a  development,  a  number  of  American  and 


ladian  capitalists  organized  the  Canadian  Niagara  Power  Co. , 
with  the  late  Albert  H.  Shaw  as  President,  and  on  April  7th,  1893 
entered  into  an  agreement  with  the  Park  Commissioners  whereby 
upon  the  payment  of  certain  rentals  such  company  was  authorized 
to  develop  one  hundred  twenty-five  thousand  horse  power  within 
the  park  lands  in  their  first  power  house.  This  agreement 
was  confirmed  by  the  Ontario  Legislature  April  8th,  iSgj  and  a 
charter  issiied  to  the  company.  But  in  1892  electrical  generation 
on  a  large  scale  was  comparatively  new  and  long  distance  trans- 
mission was  in  its  infancy.  As  a  number  of  the  same  men  were 
interested  in  both  The  Niagara  Falls  Power  Co.  and  the  Canadian 
Niagara  Power  Co.  they  desired  to  obtain  the  benefit  "f  the  expe- 
rience to  be  gained  from  the  American  plant  before  building  the 
costly  structure  required  for  their  development.  Accordingly  a 
new  agreement  was  made  with  the  Park  Commissioners  July  isth, 
1S99,  and  an  extension  of  time  secured  for  the  beginning  of  power 
development.  The  plan  for  utilizing  the  power  is  similar  in  gen- 
eral principles  to  that  of  The  Niagara  Falls  Power  Co.  The  power 
house  will  be  situated  at  the  foot  of  the  slope  forming  the  former 
river  bank  and  just  below  the  old  Carmalite  Monastery  and  south 
of  the  Falls  View  Station.  To  the  power  house  thus  beautifully 
situated  water  will  be  conducted  from  the  rapids  by  a  symmetri- 
cally shaped  canal  spanned  by  a  stone  bridge  of  5 — S"^  f""^  arches, 
The  discharge  water  from  the  turbines  will  be  conducted  to  the 
lower  river  by  a  tunnel  having  the  same  horse-shoe  form  as  the 
American  tunnel,  but  four  feet  greater  depth.  The  most  mter- 
esting  feature  of  the  plant  is  the  size  of  the  units.  The  original 
plans  contemplated  the  use  of  5000  H.  P.  machines,  but  it  was 
found  that  both  the  turbine  designers  and  the  electrical  manufact- 
urers were  willing  to  undertake  the  building  of  units  of  double  that 
size,  although  nothing  of  the  kind  had  ever  been  done  successfully. 
The  advantages  of  the  plan  are  evident  as  a  reduction  of  nearly 
50%  is  made  in  the  length  of  the  wheelpit,  canal,  and  power  bouse 
per  given  amount  of  power  development.  The  result  of  the  de- 
signers skill  will  be  machines  of  monstrous  size.  Imagine  if  you 
can.  a  single  machine  capable  of  generating  i,'.i  times  the  entire 
amount  of  electricity  employed  for  all  purposes  at  the  late  lamen- 
ted Pan-American  Exposition.  A  penstock  10' i"  diameter  con- 
ducts the  water  to  a  wheel  case  13  feet  diameter  and  14  feet  high, 
discharging  water  through  two  Jonval  type  turbine  wheels  with 
draft  tubes,  the  total  head  being  136  feet.  This  monster  when 
fully  loaded  will  use  four  limes  the  quantity  of  water  in  a  given 
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leng^  of  time  that  is  supplied  to  the  entire  city  of  Buffalo  from 
all  its  enonnous  pumps.  The  geuerator  is  of  the  inward  revolving 
field  type,  revolving  150  revolutions  per  minute  with  a  peripheral 
speed  of  110  miles  per  hour,  generating  current  at  ixooo  volts. 
The  entire  weight  of  the  revolving  parts  of  the  macnine  is  251,000 
lbs,,  or  about  the  weight  of  the  bricks  in  a  good-sized  dwelling. 
Such  weight  will  be  sustained  as  in  the  American  turbines  by  water 
and  oil  under  heavy  pressure.  A  large  amount  of  work  has  now 
been  done  toward  the  development  above  described.  The  tnnnel 
excavation  is  practically  finished,  the  wheelpit  excavation  is  nearly 
completed,  the  canal  is  practically  dug  and  a  considerable  amount 
of  masonry  is  in  place.  A  contract  has  been  made  for  five  to.ooo 
H.  P.  dynamos  which  are  to  be  built  in  this  country,  while  three 
10,000  H.  P.  turbines  are  being  manufactured  in  Zurich,  Switzer- 
land, and  contract  for  two  more  will  soon  be  let.  The  first  instal- 
lation will  thus  be  50,000  H.  P.  but  the  canal,  wheelpit  and  tunnel 
are  all  built  for  the  development  of  100,000  H.  P.  in  addition  to  a 
reserve  unit 

The  next  company  to  engage  in  power  development  on  the  Ca- 
nadian side  was  the  Ontario  Power  Co.  in  which  Buffalo  capital  is 
so  largely  interested.  This  company  entered  into  an  agreement 
with  the  Park  Commissioners  April  i  tlh,  1900,  by  which  they  were 
given  rights  for  two  forms  of  development.  The  first  method  was 
to  bring  water  thrniigh  an  open  canal  from  the  Weliand  River  near 
its  junction  with  the  Niagara  River  to  the  top  of  the  high  bluff 
west  of  the  park,  where  a  fall  of  about  50  feet  was  available  upon 
wheels  in  a  power  house  located  within  the  Park  at  the  foot  of  the 
bluff.  The  discharge  water  was  to  be  at  first  conducted  to  the 
upper  river  but  at  a  later  time  to  flow  in  a  canal  to  the  high  bank 
of  the  lower  river  near  the  Table  Rock  House,  where  it  would 
enter  penstocks  and  there  be  led  to  wheels  in  a  power  house  situ- 
ated in  the  gorge  on  the  bank  of  the  lower  river.  The  powers  of 
the  Ontario  Power  Co,  have  since  been  increased  and  its  plans 
have  been  somewhat  changed.  A  large  temporary  coffer  dam  of 
timber  and  puddle  has  been  constructed  in  the  upper  river  near 
the  Dufferin  Islands,  thus  cutting  off  the  flow  of  water  around  these 
islands  for  the  first  time  in  history.  While  this  colfer  dam  is  in 
place  a  permanent  stone  wing  dam  will  be  constructed  with  its  top 
below  the  surface  of  the  water.  The  bottom  of  the  river  will  be 
dredged  and  there  will  be  built  an  entrance  forebay  with  regula- 
ting devices  from  which  an  imderground  pipe  18  feet  in  diameter 
will  be  laid  to  a  point  just  north  of  the  Table  Rock  House.     Pro- 
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vision  will  be  made  for  three  pipes,  one  of  which  will  supply  the 
first  installation.  Upon  the  completion  of  the  head  works  it  is  the 
intention  of  the  Co.  to  remove  the  coffer  dam  and  to  restore  the 
natural  features  at  the  Dufferin  Islands  to  practically  their  original 
condition.  None  of  the  works  of  the  Ontario  Co.  will  appear 
above  the  surface  of  the  ground  in  the  Park  proper.  The  total 
contemplated  installation  with  water  from  the  upper  Niagara  ts 
150.000  H.  P.  of  which  50,000  H.  P.  will  comprise  the  first  installa- 
tion One  iS  foot  penstock  will  supply  water  for  each  installation 
of  50,000  H.  P.  Such  penstocks  will  enter  a  huge  brick  shaft  built 
below  the  ground.  From  this  a  separate  penstock  will  lead  to 
each  of  the  [o,ooo  H.  P.  turbines  located  in  a  power  house  built 
of  native  stone  in  the  lower  gorge.  This  power  house  is  planned 
to  have  an  ultimate  length  of  1050  feet  and  a  width  of  90  feet. 
The  head  on  the  wheels  will  be  174  feet.  Plans  still  continue  for 
the  utilization  of  power  from  water  to  be  brought  from  the  Welland 
River,  but  these  plans  will  probably  not  be  carried  out  until  the 
first  project  is  completed.  Considerable  work  has  already  been 
done  in  blasting  away  the  rock  for  the  power  house  and  prepara- 
tions are  completed  for  active  work  at  the  entrance. 

A  third  company  has  recently  entered  the  field  of  power  develop- 
ment on  the  Canadian  side.  This  Company,  composed  of  Toronto 
capitalists  and  kaown  as  the  Toronto  and  Niagara  Falls  Power  Co. . 
have  obtained  rights  for  the  development  of  135,000  H,  P.  Their 
plans  are  not  yet  worked  out  in  detail  but  they  include  in  general 
a  power  house  on  the  upper  river  shore  supplied  with  water  from 
a  forebay  created  by  building  a  wing  dam  into  the  upper  rapids. 
The  wheels  will  be  situated  in  a  wheelpit  and  water  will  be  dis- 
charged by  a  tunnel  at  a  point  beneath  the  horse  shoe  falls. 

Power  development  at  Niagara  Falls,  present  and  proposed, 
may  be  summarized  as  follows: 

The  Hydraulic  Power  and  Manufacturing  Co,  have  38,000  H,  P. 
developed,  are  commencing  a  power  house  for  50,000  H.  P.  addi- 
tional and  can  make  a  total  development  of  115,000  H.  P.  The 
Niagara  Falls  Power  Company  have  So, 000  H.  P.  ready  for  5er\'ice, 
are  installing  35,000  H.  P.  additional,  which  will  be  completed 
next  fall,  and  have  rights  for  an  additional  115,000  H.  P.  The 
Ontario  Power  Company  contemplate  using  300,000  H.  P.  and  are 
at  work  on  the  installation  of  50,000  H,  P.  The  Toronto  and 
Niagara  Falls  Power  Co.  have  obtained  righlH  for  developing 
115,000  H.  P.  and  are  commencing  the  installation  of  50,000  H  P. 
The  following  are  the  totals;  now  developed,  i  iS.oon  H  P.  :  in  pro- 
cess of  development,  335,000  H.  P  ;  rights  secured  for  1,150,000 
H.  P.  Please  remember  that  the  total  water  power  develoi>ed  in 
the  United  States  in  1900  was  less  than  3,000,000  H.  P. 

Such  is  the  history  of  water  power  utilization  at  Niagara  in  the 
past  and  its  condition  at  present.  But  what  of  the  future  and  of 
the  influence  of  that  future  on  the  [irosperity  of  Buffalo?  And  by 
Buffalo  we  mean  the  greater  Buffalo.  Must  we  leave  to  our  real 
estate  friends  all  the  roseate  views  of  Buffalo  future  greatness?     I 
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think  not :  I  believe  that  as  scientific  men  and  women  we  may  look 
forward  with  all  confidence  to  a  marvelous  growth  in  onr  city. 
That  water  power  generating  electricity  is  to  be  the  power  of  the 
3oth  century  needs  but  little  argument.  Wood  as  a  source  of  heat 
and  power  need  not  be  considered  and  it  needs  no  prophet  to  fore- 
see the  time  when  the  coal  mines  of  the  U.  S.  wilt  be  exhausted. 
Long  before  that  time  the  price  of  coal  will  be  so  high  as  to  pro- 
hibit its  use  for  the  generation  of  large  blocks  of  power.  You  are 
all  aware  of  the  marked  increase  in  the  normal,  (not  strike),  prices 
of  soft  coal  in  the  last  ten  years.  The  exhaustion  of  the  natural 
gas  fields  is  so  rapid  that  gas  is  not  a  factor  in  the  problem.  Look 
which  way  we  may  the  inevitable  conclusion  is  that  recourse  by 
the  great  factories  must  be  had  to  the  water  powers  of  the  countrj-. 
Of  all  the  hydraulic  developments  that  the  aoth  century  will  wit- 
ness, which  is  best  situated,  which  is  on  the  grandest  scale,  which 
is  most  unfailing  ?  Without  question  that  at  Niagara  Falls.  With 
a  reservoir  capacity  in  the  Great  Laltes  of  90,000  square  miles, 
(twice  the  area  of  the  Empire  State),  uneffected  by  the  droughts 
of  summer  or  the  freshets  of  winter.  Niagara  will  stand  through 
the  centiiries  a.s  the  emblem  of  mighty,  unfailing,  never  ceasing 
power.  With  this  mighty  giant  delivering  the  fruits  of  his  labors 
at  her  very  doors,  with  unsurpassed  railroad  facilities,  with  the 
iron  of  Messaba,  the  copper  of  Michigan,  the  grain  of  Dakota 
transported  by  water  to  her  wharves,  what  city  in  the  world  can 
offer  to  manufacturing  interests  such  inducements  to  locate  within 
her  boundaries?  Buffalo's  future  greatness  rests  on  no  vain  pro- 
duct of  the  imagination  but  on  solid,  scientific  facts  which  cannot 
be  belittled  or  gainsaid,  and  only  the  fleeting  passage  of  time  brief 
as  the  days  of  a  man  is  needed  to  make  Buffalo  the  great  manu- 
facturing center  o£  the  land.  The  crowning  success  of  her  muni- 
cipal life  ma}-  not  be  reached  until  you  and  1  have  ceased  the  more 
strenuous  labors  of  life  and  sit  with  folded  hands  in  the  chimney 
corner  of  old  age,  when  the  whir  of  the  mighty  wheels  of  her  fac- 
tories falls  on  otir  dulled  ears,  when  the  vista  of  Niagara's  far 
reaching  activities  is  seen  through  our  dimmed  eyes,  but  come 
when  it  will  we  will  go  to  the  source  of  all  power  more  content 
because  we  have  done  our  little  part  in  developing  one  of  the  won- 
ders of  the  aoth  centurj'  and  adding  untold  wealth  and  happiness 
to  the  city  of  our  choice.  The  fable  of  the  rainbow  has  gome  true 
and  the  shimmering  bow  that  ever  spans  Niagara's  gorge  holds  at 
either  end  the  hoarded  wealth  of  the  ages  which  will  be  poured 
into  the  lap  of  the  yueen  City  of  the  nation. 

(The  End.) 


South  Buffalo  Floods  and  Proposed  Remedy. 

charles  m.  morse, 

Deputy  Ehgimeer  Commissioner  Df.i-t.  ok  Public 
Works,   Buffalo. 

It  seems  to  me  almost  necessary  that  I  presenl  lo  you  some 
excuse  for  addressing  you  on  this  subject,  in  view  of  the  fact, 
that  the  subject  has  been  very  much  abused  by  having  been  dis- 
cussed in  the  daily  papers,  and  otherwise,  in  such  fashion  that 
anything  short  of  an  abstract  scientific  presentation  of  it  here 
would  seem  only  further  aggravation,  and  I  am  not  prepared  to 
give  you  anything  more  than  a  very  general  description  of  the 
problems  involved,  and  as  an  excuse  for  touching  on  the  subject 
at  all,  I  shall  treat  it  principally  on  commercial  grounds  in  the 
general  interest  of  the  City  of  Buffalo. 

The  hydraulic  problems  involved  have  been  very  carefully 
studied  and  all  the  data  and  conclusions  are  in  the  possession  of 
the  Department  of  Public  Works  of  the  city. 

The  good  people  of  Buffalo  have  been  favored  by  the  news- 
papers with  all  sorts  of  criticisms,  wild  statements,  and  attempts 
to  explain  natural  phenomena  in  rather  unnatural  ways,  princi- 
pally in  the  shajw  of  contributions  from  regular  subscribers,  tax- 
payers, alleged  public  benefactors,  etc.,  but  I  have  not  noticed 
very  much  in  the  way  of  honest  efforts  on  the  part  of  the  news 
papers  to  inform  the  public  of  the  actual  situation,  which  might 
be  done  by  a  little  careful  collecting  of  available  facts  and  figures. 
On  that  account,  1  think  it  may  be  well  for  me  to  present  what 
I  know  of  the  situation  in  such  shape  that  it  may  reach  some  of 
the  thinking  public,  and  probably  this  is  the  bett  place  to  find 
that  part  of  the  public. 


Up  to  a  quite  recent  dale,  apparently  what  data  bad  been 
secured,  that  might  be  of  use  in  discussing  a  remedy  for  tbe 
troubles  experieaced,  bad  not  been  put  into  tangible  shape  for 
use,  but  now  the  problems  at  issne  are  practically  soh'ed  and 
the  subject  is  very  clearly  understood. 

To  state  the  snbject,  I  would  say  the  Buffalo  River  flows 
within  the  city  limits  through  an  alluvial  valley  which  at  times 
is  overflowed  by  the  waters  of  the  stream  because  they  are  in 
excess  of  the  carrying  capacity  of  the  channel,  or  are  forced  out 
of  the  channel  by  temporarj-  obstructions. 

The  area  within  the  city  that  ia  flooded  is  a  varj-ing  amount, 
reaching  a  maximum  of  about  1600  acres.  No  two  floods  cover 
exactly  the  same  bounds. 

The  population  of  the  area  flooded  is  about  10,500  and  the 
assessed  valuation  of  the  lands  is  about  $3,000,000.  The  value 
of  this  section  of  the  City  of  Buflfalo  seems  to  be  defined  by  the 
flood  conditions. 

The  location  of  this  area  would  naturally  tend  to  make  tt  a 
very  valuable  part  of  the  city  except  for  this  one  serious 
drawback. 

Considering  it  simply  as  a  residence  section  and  making  a 
rough  calculation  of  the  cost  of  the  floods  on  verj'  conservative 
lines;  let  us  assume  that  a  flood  costs  the  average  resident  at 
least  one  day's  wages,  or  $3  00— {he  is  generally  detained  from 
hia  work  by  the  flood:)  the  damage  to  provisions  and  premises 
$1.50,  and  the  cost  of  cleaning  up  $1.50,  or  a  total  of  $6.00. 
$6.00  is  the  annual  value  of  $[0000.  The  actual  immediate 
value  of  the  area  flooded — 1600  acres,  would  therefore  be  in 
creased  by  abatement  of  the  flood  $ido  per  average  building  lot, 
or  $1000  per  acre,  a  total  of  $1,600,000.  looo  acres  of  land 
lying  beyond  the  flooded  area  has  its  access  to  the  city  cut  off 
by  each  flood,  or  at  least  one  day  per  year,  which  costs  at  least 
$3.00  per  building  lot^thc  annual  value  at  6%  of  $50.  or  $500 
per  acre,  or  for  the  1000  acres  a  total  of  $500,000.  This  gives 
a  total  of  $2,100,000  as  a  con.servative  estimate  of  the  increased 
valuation  that  would  result  by  abating  the  fli-ods;  that  is,  one 
flood  per  year,  and  there  arc  more. 

The  increased  valuation  of  properly  for  manufacturing  indus 
tricfi,  wliicli  are  now  jiractically  barred  by  ihc  existing  condi 
linns,  iiiiglu  be  estimated  in  the  same  way  at  a  very  larj^e 
jirnnmit,  but  the  above  figures  will  easily  indicate  to  any  busi- 
•(CSb  ruau  liiat  an  expense  of  $i,ioa,ooo  would  be  a  very  r 
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able   proposition   and   would  be  a  profitable   investment  by  the 
city. 

About  two  miles  inside  of  the  city  line  and  six  and  three- 
quarter  miles  above  the  outlet  of  the  Buffalo  River  it  is  joined 
by  Cazenovia  Creek.  These  two  streams,  with  their  tributaries, 
drain  a  watershed  of  approximately  413  sq.  miles. 

The  map  shown,  herewith,  gives  a  fair  idea  of  the  country 
drained.  (Cuti.) 

The  distance  from  the  headwaters  of  Buffalo  River  to  its  out- 
let in  Lake  Erie  is  approximately  50  miles.  About  6J^  miles 
above  its  outlet,  it  is  joined  by  the  Cazenovia  Creek,  whose 
total  length  is  about  26  miles  ;  about  10  miles  from  the  outlet 
of  the  Buffalo  River  it  is  joined  by  Cayuga  Creek,  whose  length 
is  about  39  miles. 

The  watersheds  of  these   different   streams  are  approximately 

as  follows: 

Buffalo  River  proper,      145  sq.  miles 

Cayuga  Creek,  127  sq.  miles 

Cnzenovia  Creek,  87  sq.  miles 

Branch  Cazenovia  Creek,  54  sq.  miles 
making  a  total  of  413  sq.  miles  of  territory  which  contributes  to 
the  waters  of    the    Buffalo    River   below  its  junction  with  Caze- 
novia Creek. 

From  the  report  submitted  by  Mr.  Rudolph  Herring  to  the 
Board  of  Public  Works,  under  date  of  July  24th,  1899,  I  have 
taken  the  following  statement  of  flood  conditions: 

Buffalo  River  above  Junction 

with  Cazenovia  Creek, 
Cazenovia  Creek, 
Buffalo  River  below  junction^ 

From  later  measurements  I  learn  that  the  total  flow  is  under 
stated,   for  maximimi  flood  conditions. 

A  comparison  with  other  streams  subject  to  similar  freshet 
conditions  is  interesting  and  I  am  able  to  quote  the  following 
figures  from  observations  on  such  streams: — 


Watershed 
Sq.  Miles 

Total  Max. 

flow  cu.  ft. 

per  sec. 

Rate  in  cu.  ft 

per  sec. 
per  sq.  mile 

272 

17000 

62.5 

141 

8000 

56.7 

413 

23000 

55.7 

Watershed 

Total  Max. 

Rate  in  cu.  ft. 

Sq.  Miles. 

flow  cu.  ft. 

per  sec. 

per  sec. 

per  sq.  mile. 

Perkiomen  River,   Pa., 

152 

IO518 

69.2 

Croton,   N.  Y., 

339 

25300 

74.9 

Ramapo,   N.  J., 

160 

10540 

66.1 

Falls  Creek,   N.  Y  , 

117 

4800 

41 

Apparently  the  statement  of  flood  flow  for  the  Buffalo  River 
below  the  junction  with  Cazenovia  Creek  is  less  than  for  the 
Croton  River  with  a  somewhat  smaller  watershed.  This  is  not 
inconsistent  in  the  light  of  known  conditions.  Heavy  rain  storms 
are  greater  and  produce  greater  floods  on  the  Atlantic  slope  of 
the  Alleghany  Mountains  than  on  the  western  slope.  The  same 
may  be  noted  of  the  Perkiomen  and  Ramstpo  floods. 

The  fiood  of  February  gth,  1900,  reached  a  very  high  stage 
in  the  lower  portion  of  the  Buffalo  River,  due  to  a  westerly 
gale,  together  with  an  ice  and  boat  jam.  The  estimated  dis- 
charge of  this  flood  was  but  18000  cu.  ft.  per  second,  and  the 
high  water  in  the  lower  river  was  evidently  due  to  the  peculiar 
conditions  noted. 

On  February  28th  and  March  ist,  1901,  there  appeared  a 
flood  which  produced  the  largest  measured  discharge,  and 
reached  the  highest  recorded  general  level  of  overflow  on  the 
upper  parts  of  the  streams  within  the  city  limits.  The  actual 
measurements  of  flow  in  the  channel  gave  a  total  of  24300  cu. 
ft.  per  second. 

It  is  the  custom  to  establish  observers  at  several  different 
points  when  floods  are  expected  and  generally  it  is  easy  to  pre- 
dict a  flood  from  5  to  20  hours  before  it  arrives  at  the  city  line. 
This  last  flood  came  a  little  sooner  than  was  expected,  and 
some  of  the  observers  were  not  aware  of  the  conditions  until 
the  morning  of  March  tst:  luiwevcr,  two  fairly  continuous  sets 
of  gauge  readings — one  at  the  head  of  navigation  and  the  other 
near  the  center  of  the  flooded  area,  at  the  junction  of  the 
Buffalo  River  and  Cazenovia  Creek,  were  obtained,  which,  with 
the  records  of  the  United  States  Engineer's  recording  gauge 
near  the  mouth  of  the  river,  give  a  very  fair  idea  of  what 
occurred. 

The  slope  of  this  flood  and  others  is  shown  upon  the  accom- 
panying diagram  of  flood  heights. 

These  records  of  gauge  readings,  together  with  float  tests 
made  at  different  points  on  the  stream,  where  fairly  accurate 
measurements  of  channel  capacity  can  be  made,  enabled  us  to 
estimate  the  amount  of  flow  of  water  under  different  flood 
conditions. 

Measurements  of  the  channel  before  and  after  floods  have 
enabled  us  to  determine,  with  some  degree  of  acciiracy,  the 
effects  of  the  floods  in  the  matter  of  defjosit  in  the  river  bottom 
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of  till,  and  also  to  determine  the  scotiring  and  eroding  effect  of 
the  current. 

Tbe  accompanying  profile  of  the  bottom  of  the  river,  together 
with  the  flood  profiles  showing  the  slope  of  the  surface  of  the 
water,  give  a  graphic  illustration  of  the  action  of  the  several 
floods  of  which  we  have  records-  .cni^) 

Referring  to  the  map  of  the  city: — the  valley  of  the  Buffalo 
River  once  entered  Lake  Erie  south  of  the  Tifft  Farm,  hut  prob- 
ably tte  action  of  the  shore  currents  of  the  lake  forced  the  out- 
let of  the  river  further  north  until  the  stream  was  forced  upon 
a  rocky  ledge  at  Louisiana  Street  and  near  the  outlet.  This 
acted  as  a  barrier  and  caused  floods  upon  tbe  lower  ponton  of 
the  Gtream. 

Within  the  past  thirty-five  years  some  half  a  million  dollars 
have  been  expended  between  the  Erie  Railroad  freight  house 
and  Hamburg  Street  for  deepening  and  improving  the  channel 
through  the  rock,  and  this  work  has  prevented  the  recurrence 
of  floods  which  formerly  occured  in  that  locality,  by  providing 
an  adequate  channel  for  the  passage  of  the  water.  This  fact 
will  be  referred  to  later  as  bearing  upon  the  proposed  method 
of  abating  the  floods. 

The  present  conditions  inside  the  city  limits,  and  in  the  sec- 
tion of  tbe  city  known  as  "South  Buffalo",  are  as  follows: — 

At  irregular  intervals — at  least  twice  or  three  times  each  year. 
tbe  banks  of  the  Buffalo  River  and  of  the  Cazenovia  Creek  in- 
side of  the  city  (we  will  not  consider  the  conditions  outside  of 
the  city  line)  are  overflowed  by  the  sudden  melting  of  snows. 
or  by  heavy  rains  on  the  upper  reaches  of  the  streams,  and  an 
area  of  about  1600  acres  is  for  a  short  time  under  water.  The 
floods  do  not  always  reach  the  same  defined  limits  of  area,  but 
about  that  amount  of  territory  is  subject  to  disastrous  flooding. 

The  usual  programme  is  about  as  follows  : 

A  heavy  continued  rain  when  the  ground  is  frozen,  or  pre- 
viously saturated,  as  for  example,  the  flood  of  May  20th,  1894, 
and  that  of  July,  1902.  More  often  the  flood  conditions  are 
produced  from  melting  snow,  or  a  combination  of  such  with  rain. 
or  even  thunder  storms,  as  that  of  Jan.  29th  and  30th,    1903. 

The  summit  of  the  flood  wave  usually  follows  the  crest  of 
the  storm,  or  greatest  runoff  in  melting  snows,  by  about  11 
hours,  the  maximum  flow  in  Cazenovia  Creek  occurring  from 
three  to  six  hours  before  that  in  the  Buffalo  River.  The  usual 
statement  in  the  news  items  to  the  effect  that  the  flood  was  en- 


SOUTH    BUFFALO    FLOODS    AND    PROPOSED    REMEDY. 


Flood  Heighi 


I 


roiwt    lAOO    ▼o    I002    iMet.u«iv| 


i 


v«'»»"^'eAi_      '••■3^^,j 


I 

« 
> 


0*a  ••0» 

* 

k 

« 

• 

5 

• 

1 

< 

t 

t 

• 

i 

-ii* 


l«X914tlJltf|^ 


kilV^t'TV'         llllt<>w>k« 


^  V  v^     Liic.  y     m  V 


nearly,  this  would  indicate  the  larj^cst  flood  or  vvuich  we  have 
record,  no  other  flood  of  nearly  as  large  measured  discharge 
having  occured  in  8  years. 
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hours,  the  maximum  flow  in  Cazenovia  Creek  occurring  from 
three  to  six  hours  before  that  in  the  Buffalo  River.  The  usual 
statement  in  the  news  items  to  the  effect  that  the  flood  was  en- 
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tirely  unexpected  is  as  accurate  as  the  statement  that  '*this  is 
the  worst  flood  ever  experienced  in  South  Buffalo."  We  have 
them  every  year  at  about  the  same  times. 

I  am  able  to  show  here  a  few  illustrations  of  the  effects  of 
these  annual  occurrences  in  South  Buffalo. 

During  the  ordinary  stages  of  the  Buffalo  River  it  crosses  the 
city  line  in  a  small  channel  and  is  apparently  very  insignificant. 
In  the  case  of  high  floods,  it  crosses  that  line  in  a  stream  about 
3000  ft.  wide  on  the  surface  and  sweeps  over  South  Buffalo  at 
a  nearly  constant  width,  interspersed,  however,  with  high  points, 
railroad  embankments,  bridge  abutments,  etc. 

From  observations  and  measurements  made  March  ist,  1902, 
it  was  determined  that  the  channel  of  the  lower  Buffalo  River 
was  called  upon  to  carry  a  flow  of  25,000  cu.  ft.  per  second. 
This  flood  was  coincident  with  other  unusual  floods  in  this  sec- 
tion. It  was  caused  by  the  melting  of  a  heavy  body  of  snow 
which  had  been  on  the  ground  for  some  time.  The  run  off  be- 
gan as  soon  as  the  waters  began  to  cut  their  way  through  the 
hard  snow.  It  seems  probable  that  the  conditions  favored  a 
flow  of  longer  duration  than  usual  and  that  Cazenovia  Creek, 
while  reaching  its  maximum  three  or  four  hours  earlier  than 
Buffalo  River,  held  such  maximum  flow  until  the  latter  also 
reached  its  maximum.  If  this  be  true,  then  deductions  made 
from  former  measurements  and  observations,  that  the  respective 
maximum  discharges  were  8000  and  17,000  cu.  ft.  per  second  for 
the  two  streams  seem  to  be  verified. 

Another  element  entering  into  the  estimate  of  discharge  from 
measurements  on  the  lower  section  of  the  river  in  1902,  is  the 
fact,  that  at  that  time  about  1600  acres  (the  largest  area  of 
Vrhich  we  have  record)  was  overflowed  within  the  city.  This 
represents  storage  at  about  the  maximum  discharge. 

A  rough  measurement  of  the  contour  of  the  country  over- 
flowed, gives  a  total  storage  within  the  city  of  161,172,000  cu. 
ft.,  equivalent  to  i  hr.  47  min  discharge  of  the  stream  at  the 
above  stated  maximum  of  25,000  cu.  ft.  per  second,  and  this 
amount  of  storage  in  the  time  stated  would  indicate  a  maximum 
entry  of  water  into  the  city  of  29,800  cu.  ft.  per  second,  or  an 
increa.se  over  measured  amount  of  flow  in  the  channel  of  18%. 
Assuming  these  figures  to  be  correct,  which  I  believe  they  are 
nearly,  this  would  indicate  the  largest  flood  of  which  we  have 
record,  no  other  flood  of  nearly  as  large  measured  discharge 
having  occured  in  8  years. 


The  mininmra  disdiarge  ai  the  BoSalo  River  below  the  junc- 
tioa  with  Cazenoria  Creek  ta  aboot  60  en.  ft.  »  tecood.  The 
maxhoam    discharge    in    fall    Sued    is   abooL    25,000    en.    ft    per 


I  tbmk  the  foregoiag  stalemeiiu  can  be  taken  as  £airly  icpre- 
seDtmg  the  existing  conditkxas  and  as  indicaliiis  the  necessity 
for  sotne  actitiQ  tu  remedy  the  dtsastruas  etitects.  The  icmedies 
that  have  beeu  suggested  are  several  and  I  will  eodesTOr  to 
explain  the  resalt  o<  the  studies  of  the  subject.  Tbe  sabject 
has  been  iatell^eatlj  stodied  with  a  riew  to  the  desired  mne- 
dies  by  no  ime  apparently  except  tbe  city  ancborities  with  tbe 
applicaticMi  of  a  technical  knorlcdgc  oE  the  bydianbc  prxfUenu 


The  nkeans  of   prerenting    tbe  tnta&ym  may  be  < 
fblknrs: 

First:  Tbe  sturagc  of  Soad  Sow  oatside  of  tbe  city  so  that 
tbe  waters  may  be  held  back  and  dischax^^ed  at  no  fneatcr  rate 
than  will  be  eared  for  by  the  natniai  cbaanel  al  tbe  river. 

Second:  Tbe  diversioo  of  the  waien  to  socne  other  oatlet 
ootside  of  tbe  city. 

Thifd:     The  raising  of  the  enure  territory  a&ctcd  aboFve  tbe 

Axtnb:     [^ovidi^  an  ade^jiate  cbanoei  within  the  cttj. 
The  fiok  sa^gesooB — that  at  aoage  ot^side  of  the  city  is 
54b|0ct  Id  the  foHnwnif;  cxxidatuM  — If  ston^  is  to   rrjEuIa  i 
e  o  ki 
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Furthermore,    the   locations   of    the  several    streams  and   the 
>  nataral   lay  of   the   country   would    apparently    require    storage 
reservoirs  on  three   different  streams — Cazenovia  Creek,   Buffalo 
River  and  Cayuga  Creek. 

Considering  the  second  proposition — the  diversion  to  some 
other  outlet  outside  of  the  city,  tliere  does  not  seem  to  be  any 
safe  place  for  such  diversion,  except  that  Casenovia  Creek  might 
be  diverted    into  Smokes  Creek. 

To  illustrate  the  value  of  such  diversion,  it  may  be  stated, 
[  that  should  the  entire  stream  be  diverted  into  Smokes  Creek, 
it  would  not  prevent  the  present  troubles.  The  maximum 
freshet  discharge  of  Cazenovia  Creek  is  not  over  8000  cu.  ft., 
and  in  ordinary  flood  it  would  not  exceed  5000.  Possibly  that 
5000  cu.  ft.  of  flow  might  be  diverted  into  Smokes  Creek  and 
so  made  to  oveiflow  a  small  stream  which  already  has  a  bad 
name  as  a  flood  maker  along  its  own  course  and  would  seriously 
damage  large  interests  now  located  at  its  outlet.  The  most 
recent  Hood  of  which  we  have  record  caused  considerable  damage 
at  the  outlet  of  Smokes  Creek, 

Furthermore,  the  records  show  that  the  maximum  flow  in 
Cazenovia  Creek  in  case  of  a  freshet  occurs  several  hours  pre- 
!  to  the  maximum  flow  in  Buffalo  River,  and  usually  the 
Cazenovia  Creek  flood  has  commenced  to  subside  before  the 
Buffalo  River  flood  reaches  its  maximum.  Such  diversion  would 
be  expensive.  Different  estimates  of  the  cost  vary  all  the  way 
from  $250,000  to  $600,000.  and  do  not  give  any  accurate  infor- 
1  mation  as  to  probable  land  damages.  The  suggestion  does  not 
f  seem  worth  considering. 

The  third   suggestion — that  of  raising  the   level  of  the  entire 

\  territory   affected,    would   certainly   remedy   the   trouble,   but  to 

I  raise  the   level  of  the   improvements   now   housing  over    10,000 

I  people,  as  well  as   many   miles  of   improved   streets,    would  not 

I  prevent  flooding  of  cellars  unless  carried  to  an  extreme  extent. 

The  sewage  of  South  Buffalo  discharges  into  Cazenovia  Creek 

I  and  Buffalo  River  and  the   discharge  of  the  sewers  is  naturally 

I  affected    by  the   height   in  water  of   those   streams,     Filling  for 

'  the    purpose    of    raiding  the    level  of    this    territory  is  not  easily 

obtained  in  that  section.     The  amount  necessary  to  fill  the  space 

occupied    by  the    overflow    waters    of    igoi    would    be   about   six 

million    cubic   yards.      That   suggestion    does    not   seem    worth 

considering. 
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The  fourth  plan  mentioned — that  of  providing  an  adequate 
channel  within  the  city  seems  to  be  the  only  feasible  as  well  as 
efficient  method  of  handling  the  proposition. 

With  this  proposition  in  view  extensive  surveys  and  measure- 
ments were  made  and  after  much  figuring  and  arguing,  a  sort 
of  a  compromise  plan  was  adopted  by  the  Board  of  Public  Works 
and  the  work  of  widening  and  deepening  the  channels  of  Buffalo 
River  and  Cazenovia  Creek  on  present  lines  was  advertised  in 
1900  and  bids  received.  The  bids  were  reported  to  the  Com- 
mon Council  and  referred  to  a  committee,  where  I  believe  they 
still  are. 

I  refer  to  this  as  a  compromise  plan,  because  the  engineers 
employed  to  criticise  it,  as  well  as  the  engineers  who  designed 
it,  apparently  agreed  that  quite  radical  changes  of  the  channel 
in  the  shape  of  short  cuts  across  country  would  be  better,  but 
that  the  present  channel  was  the  line  of  the  least  resistance  in 
the  matter  of  property  damages.  It  was  also  considered  to  be 
less  expensive  than  would  be  the  building  of  a  straighter  chan- 
nel, but  that  must  have  been  due  to  the  failure  to  obtain  esti- 
mates from  the  engineers  employed. 

The  asserted  great  cost  of  straightening  the  channel,  due  to 
the  necessity  of  providing  new  railroad  bridges  is  not  a  charge 
upon  the  people  of  the  territory  benefitted  nor  upon  the  city — 
The  Buffalo  River  within  the  city  limits  is,  according  to  the 
laws  of  the  state  of  New  York,  a  navigable  stream  and  is  recog- 
nized as  such  by  the  United  States  authorities — as  such,  it  is 
subject  to  the  Federal  laws  in  the  matter  of  crossings — Such 
crossings  are  an  individual  charge  upon  those  enjoying  the 
privilege. 

The  cost  of  necessary  extension  of  sewers  and  construction  of 
new  outlets  will  be  about  $19,000.00. 

In  April,  1902,  a  preliminary  plan  for  straightening,  widening 
and  deepening  the  channels  within  the  city  limits  and  a  cut-off, 
or  additional  discharge  into  the  lake,  or  what  is  now  known  as 
the  outer  harbor  on  account  of  the  new  breakwater  construction, 
from  a  point  about  10,800  feet  from  the  present  outlet  of  the 
river  was  approved  by  the  Commissioner  of  Public  Works  and 
submitted  to  the  Common  Council.  Bv  order  of  the  Common 
Council,  a  survey  was  made,  and  the  work  in  accordance  with 
this  plan  carefully  laid  out  and  estimated. 
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Bids  were  received  for  the  excavation  of  this  proposed  new 
line  on  the  24th  of  February  of  this  year.  The  work  which  it 
is  proposed  to  do,   I  will  endeavor  to  describe. 

At  the  city  line  on  the  Buffalo  River  there  will  be  constructed 
a  controlling  weir   consisting   of   rock    filled    timber   crib   work 


f 

> 

i 


founded  on  piles,  together  with  wings  above  and  below  and  an 
earth  fill  along  the  city  line  from  such  weir  to  the  Mineral 
Springs  Road. 

I  am  able   to   show   you   drawings   of   the   weir  construction, 
which  I  think  quite  clearly  explain  it. 
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The  object  of  this  construction  is  twofold,  First :  to  collect  all 
the  waters  of  the  stream  in  the  channel  to  be  provided  below 
the  weir.  Second :  To  maintain  the  present  flood  conditions  out- 
side of  the  city  in  order  to  avoid  any  possible  complications  with 
other  than  city  authorities.  It  may  be  stated  right  here  that  it 
is  generally  considered  that  a  flood  over  such  a  valley  as  that  of 
the  Buffalo  River,  when  the  land  is  utilized  for  market  garden 
purposes  is  not  always  an  unmixed  evil.  A  large  portion  of  the 
territory  inside  of  the  city  line,  which  is  now  made  to  suffer 
injury  by  the  floods,  was  a  few  years  ago  cultivated  and  the 
soil  probably  much  enriched  by  the  annual  floods.  Anyway,  it 
is  concluded  that  the  city  authorities  should  confine  their  work 
to  the  territory  controlled  by  them  and  it  is  even,  with  justice, 
I  think,  argued  that  the  controlling  works  proposed  at  the  city 
line  should  be  paid  for  by  the  state  authorities — the  same  being 
a  work  made  necessary  by  waters  furnished  in  superabundance 
by  lands  extending  many  miles  beyond  the  city  line  and  subject 
to  the  control  of   the  state  authorities. 

From  below  the  controlling  weir  a  channel  is  to  be  excavated 
in  the  earth  with  a  width  on  the  bottom  of  120  ft.  and  with 
banks  sloping  in  a  ratio  of  i  to  i^ — the  elevation  of  the  bottom 
of  this  channel  being  at  the  upper  end — 17  feet  below  city  datum; 
this  channel  to  be  continued  to  the  junction  with  Cazenovia 
Creek — a  distance  of  7600  feet,  the  elevation  of  the  bottom  at 
such  junction  being — 21  feet  (the  diagrams,  herwith,  show  sec- 
tion of  the  proposed  channel  and  of  the  present  channel  )  (Cuts  5, 6) 

At  Cazenovia  St.  on  the  Cazenovia  Creek  there  is  at  present 
a  dam  which  holds  the  waters  back  in  an  artificial  lake  in  Caz- 
enovia Park.  This  stream  at  this  location  is  on  a  rock  bottom 
and  just  below  Cazenovia  Street  it  is  proposed  to  start  a  chan- 
nel excavated  in  the  rock  to  a  depth  of  about  12  feet  to  the 
proposed  channel  bottom  at  an  elevation  of — 9  feet  city  datum. 
This  channel  to  be  75  ft.  wide  on  bottom  and  of  section  as 
shown  by  the  accompanying  diagram.  On  another  sheet,  I  have 
shown  a  section  of  the  present  channel  of  this  stream.  This 
section  of  channel  proposed  is  continued  to  the  junction  with 
Buffalo  River.  From  the  junction  of  Cazenovia  Creek  with 
Buffalo  River  a  channel  is  to  be  excavated  170  feet  wide  on 
the  bottom,  with  sloping  banks  as  shown  by  diagram  of  said 
channel  and  continued  to  the  point  of  proposed  outlet  into  the 
outer  harbor,  at  which  point  the  bottom  is  at  an  elevation  of 
— 23  ft.     From    this  point,    as  indicated  on  the  map,  about  op- 
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posite  what  is  known  as  Farmers'  Point,  the  channel  is  to  be 
excavated  in  the  sand   and  soft  bine   clay   there   existing^  across 

the  narrow  neck  to  the  shore  of  the  lake  and  carried  out  by 
pier  protection  to  a  depth  of  water  of   j8  ft. 

The  accompanying  diagram  shows  a  cross  section  of  this 
channel. 

The  principal  reason  for  the  construction  of  the  new  outlet 
to  the  lake  is  because  of  the  occasional  uncertain  conditions  of 
the  present  outlet  as  to  its  ability  to  carry  off  the  flood  waters 
in  case  of  ice  and  boat  jams.  Ice  passing  out  of  the  mouth  of 
the  river  is  uncertain.  With  no  wind,  or  with  any  but  a  south- 
west wind  it  is  possible  to  keep  an  outlet  open  for  the  ice  to 
reach  the  open  waters  at  the  head  of  Niagara  River.  With  a 
strong  southwest  wind  the  broken  ice  around  the  mouth  of  the 
river  is  driven  in  and  at  once  closes  any  outlet  channel  which 
may   exist. 

The  effect  of  the  new  breakwater  and  improved  channel  to- 
wards Black  Rock    Harbor  are  as  yet   undetermined   quantities. 

The  effects  of  gales  on  ice  obstructions  in  the  lower  portion 
of  the  river  are  of  as  much  concern  to  that  portfon  as  to  the 
flooded  area.  The  lower  portion  of  the  river  will  always  remain 
an  unsatisfactory  outlet  for  large  discharges  of  water  and  ice. 
It  is  obstructed  by  bridges  and  by  many  vessels  moored  along 
iis  frontage. 

The  separate  outlet  to  the  lake,  as  proposed,  seems  absolutely 
necessary  to  the  proper  and  sure  attaining  of  the  desired  object. 

In  studying  the  records  of  floods  and  flood  results  on  the 
Buffalo  River,  I  note  that  on  February  9th,  1900,  several  large 
vessels  on  the  lower  river  broke  from  their  moorings,  doing 
much  damage  to  themselves  and  to  bridges,  and  afterwards, 
with  the  flowing  ice  forming  an  obstruction  which  produced  the 
highest  flood  elevation  of  years  along  the  lower  portion  of  the 
unimproved  river. 

A  study  of  the  situation  seems  to  lead  to  the  conclusion  that 
such  disiisters  cannot  well  be  prevented  if  no  other  outlet  than 
the  present  one  is  provided.  This  outlet  entering  the  protected 
area  inside  of  the  outer  breakwater  might  not  be  able  to  dispose 
of  any  large  amount 'of  flowing  ice,  as  it  will  probably  jam  up 
against  the  heavy  ice  in  the  outer  harbor,  but  even  when  com- 
pletely jammed  with  ice,  it  will  provide  a  partial  outlet  for  flood 
flow  and  lessen  the  danger  of  floods  from  back  water  caused  by 
obstructions  in  the  old    channel. 
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The  fact  that  this  new  outlet  is  located  some  10,800  ft.  above 
the  present  outlet,  and  the  new  outlet  being  at  the  same  level 
as  the  old,  will  necessarily  increase  the  flood  slope  of  the  water 
by  shortening  the  length  of  the  flow  from  the  city  line  to  the 
lake.  Without  this  outlet  a  rise  of  4  ft.  in  the  lake  level  will 
produce  a  rise  at  the  junction  with  Cazenovia  Creek — a  distance 
of  24,600  ft.  measured  on  the  stream,  of  2  i-io  ft.  With  the 
propased  cut-off  to  the  lake,  the  same  rise  in  lake  level  would 
produce  a  rise  of  only  about  1.65  ft.  at  the  junction. 

The  new  channels  proposed  are  all  based  on  assumed  maxi- 
mum discharge  of  the  Buffalo  River  of  25,000  cu.  ft.  per  second, 
and  a  velocity  of  5  ft.  per  second.  This  total  discharge  is  a  safe 
maximum,  it  probably  being  very  nearly  attained  at  least  once 
a  year,  and  is  very  seldom,  if  ever,  exceeded. 

The  velocity  of  5  ft.  per  second  is  considered  safe  for  the 
banks,  as  proposed,  inasmuch  as  it  cannot  exist  but  for  a  few 
hours  in  maximimi  flood,  and  at  all  other  times  is  very  much 
less. 

I  think  that  further  details,  such  as  bank  protection,  which  is 
necessary  at  different  points,  bridge  abutments,  etc.,  would  not 
be  of  especial  interest  in  this  connection  and  I  will  omit  all  that 
and  refer  anyone  who  is  especially  interested  in  the  problem  to 
the  specifications  prepared  for  the  work  by  the  Bureau  of  En- 
gineering of  the  Department  of  Public  Works,  and  to  the  very 
full  report  on  the  hydraulic  problems  involved,  presented  to  the 
New  York  State  Water  Storage  Commission  by  the  local  com- 
mittee appointed  by  such  commission  and  requested  to  present 
a  study  of  the  situation. 

As  a  suggestion  of  the  value  of  the  proposed  improvement 
beyond  that  suggested  in  the  fore  part  of  this  talk,  I  would  state, 
that  before  the  location  of  the  Lackawanna  Steel  Go's,  plant  just 
beyond  the  city  line  on  the  lake  shore,  land  along  the  Ridge 
Road,  which  runs  from  the  lake,  parallel  to  the  city  line  and 
just  beyond  it,  sold  for  $300  per  acre,  or  $1.00  per  foot  front 
on  said  Ridge  Road.  Since  the  location  of  the  Steel  Plant, 
land  on  this  road  has  been  selling  for  from  $100  to  $150  per 
foot  front,  or  $30,000  per  acre.  Figuring  an  acre  as  having  300 
ft.  frontage,  the  average  value  of  the  land  in  this  territory  is 
now  $5,000  per  acre  as  against  $300  three  years  ago. 

With  all  of  South  Buffalo  relieved  from  the  inroads  of  Buffalo 
River  and  Cazenovia  Creek  and  equipped  with  proper  drainage, 
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which  would  then  be  possible,  and  also  with  several  miles  of 
available  water  front  on  the  improved  river,  there  would  un- 
doubtedly be  as  great  an  increase  in  values,  for  there  would  be 
no  better  location    for  manufacturing  sites  in  or  near  the  city. 

That  the  work  of  abating  the  floods  will  go  ahead  in  the 
near  future  seems  to  be  assured  by  the  earnestness  of  the 
people  most  seriously  affected  and  those  who  will  profit  by  the 
improvement. 

The  bids  now  before  the  Common  Council  and  the  report  of 
the  Commissioner  of  Public  Works  give  assurance  that  the 
necessary  work  can  be  done  at  a  cost  that  will  not  exceed  the 
amount  now  available  for  the  purpose. 

The  plans  and  specifications  have  been  filed  with  the  Chief  of 
Engineers  of  the  United  States  Army  and  are  approved  by  the 
Secretary  of  War — Such  approval  is  necessary  for  authority  to 
change  the  alignment  of  the  Buffalo  River  as  proposed,  the  same 
being  a  navigable  stream  and,  as  such,  under  the  jurisdiction 
of  the  Federal  authorities. 

C.   M.   Morse. 
Buffalo,  N.  Y.. 

April  3,   1903. 
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April  10.  190;J. 


BY    FRANKLIN    W.    BARROWS,    .M.  D. 

Some  one  has  said  that  ocononiie  zoiiloi^^v  is  tlie  studv  of 
animals  from  tlie  standpoint  of  dolhirs  and  cents.  It  is  this 
and  more;  for  it  includes  tlie  consideration  of  all  the  influences 
exerted  by  animals  for  tlie  good  or  the  ill  of  man,  their  reputed 
master.  The  object  of  the  science,  or  perhaps  it  should  be  called 
the  art,  is  the  complete  realization  of  our  dominion  over  animals. 
The  literature  of  the  subject  is  found  scattered  through  the  reports 
of  the  various  scientific  dej)artments  of  all  governments.  Probably 
a  very  fair  idea  of  the  present  state  of  the  subject  can  be  obtained 
by  consulting  th(»  rcjmrts  of  our  own  gov(M'nnient. 

Of  the  actual  Ix^ginnings  of  cconouiic  zoiHogy  we  know  abso- 
lutely nothing,  'i'liere  is  considcral)l('  evidence  that  the  cave- 
dwellers  used  a  variety  of  animals,  including  fishes,  for  food,  but 
there  is  nothing  to  show  that  these  primiti\e  folk  had  established 
friendlv  relations  with  anv  of  their  animal  neii»hbors.  Tliev 
clotlied  themselves  in  the  skins  of  beasts  and  nuide  rude  tools  from 
bones  an<l  horns,  but  it  was  evidentlv  reserved  for  a  later  race  to 
begin  that  long  eam]);iign  of  educaticm  which  luis  given  to  ns 
onr  dome-tie  nninials.     With   the  taming  and   controlling  of  the 

« 

1 


lower  animals  man  himself  progressed  from  barbarism  to  civiliza- 
lion,  and  it  may  safely  l>e  assumed  today  that  the  eiiiture  of  8  race 
is  in  direct  proportion  to  their  progress  in  the  utilization  and 
mastery  of  the  animal  world.  In  our  brief  consideration  of 
man's  presieut  attainments  along  this  line,  it  will  be  well  to 
speak  first  of  his  mastery  of  domestic  animals  and  then,  of  his 
dominion  over  untamed  animals. 

We  know  that  the  most  familiar  animals  of  the  house  and 
farm  were  first  subjected  to  man  somewhere  on  tlie  Asiatic  con- 
tinent, but  their  origin  and  the  date  of  their  subjeetion  arc,  in 
pmctically  every  case,  mrateries  beyond  the  power  of  the  hi.storiao 
to  solve.    Certain  it  is,  however,  that  man  early  acquired  the  art 
of  improving  the  primitive  stock  by  selective  breeding,  and  thus 
began  to  develop  under  his  own  guidance  the  many  varieties  of 
breed?   and   strains   that   obtain   today   among   all   our   domestic 
animals.    Tlius  the  exceedingly  diverse  varieties  of  pigeons,  dogs, 
horses,  cattle,  etc.,  are  the  results  of  human  design  slowly  and 
deliberately  worked  out  in  accordance  with  natural  laws,    ^tany  of 
these  varieties,  such  as  the  pouters,  tumblers  and  fantails,  among 
pigeons,  and  the  poodles  and  bull-terriers  among  dogs,  have  been 
bred  merely  to  suit  the  caprice  of  the  fancier.     In  the  majority 
of  cases,   however,   the   motive  of   the  breeder  has  been   purely 
economic  and  we  of  this  century  are  literally  "the  heirs  of  all  the 
ages'*  in  our  possession  of  so  large  a  group  of  animal  species  won 
from  their  native  state  and  developed  to  supply  so  perfectly  i 
many  of  our  needs.    The  dog  has  been  adapted  to  the  requiremei 
of  hunting,  herding,  policing,  drawing  burdens,  and  even  of  s 
ing  as  the  companion  of  man.     Other  animals  have  been  bred  tj^ 
hunting  and  fishing — such  as  the  ferrets,  otters,  cormorants,  > 
and  falcons.     Fifty  years  ago  there  were  a  half  doxen  breeds  i 
chickens  in  the  I'nited  States.     Now  there  are  over  100.     At  t 
same  tiuie  the  yearly  number  of  eggs  per  hen  has  been  incre 
from  seventy-tivc  to  one  hundred  and  seventy-five,  according  ( 
Prof.  G.  P.  Koberts,  of  Cornell  University.    The  poultn-  bro 
has  produced   varieties  excelling  also  in  quantity  aud  quality  ) 
flesh  and   plumage,  respectively,  while  he  has  utterly  conquer! 
the  migratory  instinct  which  was  so  strong  in  the  original  stock  « 
our  ducks,  geese,  and  other  fowls.    The  domestic  pig  weighs  foi 


tiniee  m  much  as  his  wild  relative,  snd  hax  devAlopod  remarkahle 
qualities  of  mind  and  body  from  his  association  with  man.  Among 
wild  cattle  the  female  produces  just  enough  milk  lo  suckle  her  calf, 
while  the  domeflic  breeds  most  famous  as  "milkers" — the  Hol- 
steins  and  Ayrshirea — will  yield  their  own  weight  in  milk  every 
twenty  or  thirty  days.  Both  the  quality  of  the,  milk  and  the 
period  of  lactation  have  also  been  immensely  influenced  by  breed- 
ing. Other  varieties  of  cattle,  as  the  Durhams  and  Herefords,  are 
bred  for  beef,  while  the  Devone  are  noted  for  their  excellent 
qualities  as  yoke  oxen.  Our  modem  horses,  also,  illustrate  in 
many  ways  the  art  of  the  breeder.  Originally  sen-ing  man  as  a 
pack  animal,  the  hnrse  soon  heeame  the  indispensable  companion 
of  the  traveler  and  the  merchant,  and  in  course  of  time  acquired  a 
place  of  inestimable  importance  in  warfare.  The  steed  of  the 
Nornian  knight  was  the  noblest  horse  that  the  world  had  ever 
seen,  and  from  him  are  descended  the  finest  draught  animals  of 
tfie  present  day.  Neither  the  Norman  knight,  liowever,  or  any 
nf  bis  eontem|>orarifs  ever  dreamed  of  the  excitement  of  the 
modern  race  track,  or  fancied  that  the  prize  horses  of  the  Derby 
woiikl  win  their  laurels  by  whisking  a  light-weight  jockey  around 
the  circle  in  a  ball-!)caring  sulky,  and  not,  forsooth,  by  carrj-ing  a 
lusty  baron  and  two  hundredweight  of  armor  in  the  tournament. 
Both  in  England  and  in  this  country  the  most  careful  attention 
has  bei-n  given  to  increasing  the  speed  of  the  horse.  Seventy- 
five  years  ago  the  running  record  was  three  minutes.  In  1865 
Ijegal  Tender  ran  in  1 :44,  a  record  that  is  equalled  or  excelled  on 
c^'crj'  race-coijrse  in  the  country  today.  In  1843  a  trotting  record 
of  2:30  was  established.  In  1894.  fifty  years  later,  the  number 
of  Jiorees  on  record  that  had  trotted  a  mile  in  2  ;30  or  less  was 
over  T,oUO,  and  rapidly  increasing.  Twenty-three  horses  at  this 
dfttc  had  records  ranging  from  2 :04  (Nancy  Hanks)  to  2 :10.  Thus 
vithin  the  past  century  the  American  horsemen  have  developed  a 
disttnci  breed  of  horses,  and  all  by  the  persevering  application  of 
the  principles  of  artificial  selection  for  four  or  five  successive 
generations.  At  tlio  same  time,  we  have  not  neglected  the  per- 
petuation and  improvement  of  other  serviceable  breeds  of  horses, 
adapted  to  the  plow  and  (ho  road.  The  mule,  a  hybrid  that  owes  its 
existence  to  the  enterprise  of  the  stock-breeder,   is  one  of  our 


nauonal  resources,  and 

ing  the  greatest  market  on  earth  for  this  animal. 

While  the  present  is  an  era  of  great  accomplishments  in  the 
improvement  of  domestic  animals,  it  must  be  admitted  that  few 
if  any  new  species  are  being  won  from  the  wild  state  in  this  or 
other  countries.  The  list  of  domestic  .animals  remains  about  what 
it  was  two  centuries  or  more  ago;  in  fact,  the  falcon  and  other 
species  that  were  once  so  generally  employed  in  the  sport  of  "hawk- 
ing" have  been  allowed  to  return  to  the  wilderness — the  only 
case,  according  to  Shaler,  in  which  man  hae  abandoned  a  species 
once  domesticated.  It  is  said  that  the  camel  is  gradually  retiring 
from  active  service  for  man,  but  it  is  not  likely  to  be  entirely 
superseded  for  many  years  to  come.  Even  the  horse  and  the  dog 
are  of  less  economic  importance  now  tlian  when  they  helped  man 
to  explore  and  colonize  tlie  vast  wilderness  of  a  few  generations 
ago. 

If  our  progress  in  the  art*  and  industries  has  somewhat 
depreciated  the  value  of  a  few  of  our  domestic  animals  it  has  more 
than  compensated  for  this  depreciation  by  discovering  new  uses  for 
animal  products  and  thus  vastly  extending  the  utility  of  the  animal 
kingdom  as  a  whole.  This  ago  excels  all  others  in  the  variety  and 
extent  of  the  services  derived  from  animals.  No  animal  product 
is  wasted.  Indeed,  every  item  in  the  inventory  has  its  market 
value  today.  It  is  not  surprising,  therefore,  that  the  agricultural 
world  devotes  its  best  efforts  to  the  problems  of  livestock.  Our 
experiment  stations  in  this  and  foreign  countries,  are  investigating 
the  food  of  farm  animals  in  order  to  discover  the  proper  dietary 
for  the  work-horse,  the  milch-cow,  the  porker,  or  tiie  laying-hen. 
The  agricultural  chemist  is  studying  the  effect  nf  diffi-rent  dicta 
on  the  quality  of  manures  produced  and  utilized  on  the  farm. 
The  Bureau  of  Animal  Industries,  an  indispensable  adjunct  to  the 
other  activities  of  our  United  States  Department  nt  Agriculture, 
is  investigating  the  vast  field  of  diseases  of  domestic  animals  and 
experimenting  on  'the  means  of  preventing  or  curing  them.  He- 
suits  of  momentous  significance  have  been  attained  in  the  study 
of  trichina,  Texas  fever,  hog  cholera,  tuberculosis,  shee])-scab,  tape- 
worms of  poultry,  and  a  host  of  other  parasitic  and  infectious  dis- 
eases which  constantly  prey  upon  our  useful  animals.    It  would  be 


interesting  to  recount  a  few  of  the  methods  used  and  the  results 
obtained  in  these  investigations,  if  the  limits  of  this  paper  would 
allow.  Suffice  it  to  say  that  the  means  employed  and  the  money 
expended  in  these  researches  have  been  amply  justified  by  the 
results,  not  only  in  our  own  land,  but  the  world  over. 

Twenty  years  ago  the  British  kingdom  was  losing  a  million 
sheep  annually  from  the  disease  called  **liver-rot,"  and  in  the  years 
1879-80  the  loss  was  over  throe  million.  The  investigations  of  the 
royal  commission  charged  with  the  study  of  ihis  disease  showed 
that  it  was  due  to  a  panu>itic  worm,  and  pointed  the  way  to 
remedial  measures  that  luivo  materially  nvliuod  the  pest  and 
restored  to  England  millions  of  dollars.  A  frw  years  ago  the 
British  public  bccanic  nroiiscd  on  the  iin])ortam«'  of  checking 
tuberculosis  in  cattle.  A  iest  of  Queen  Victoria's  herd  at  Windsor 
Castle  showed  that  ninety  ])er  cent  of  the  animals  were  afflicted 
with  the  disease  and  indicated  tlie  necessity  of  an  immediate 
campaign  to  save  the  cattle  interests  of  the  island.  Today  the 
English  people  are  comparing  statistics  and  they  find  that  the 
British  cow  is  yielding  thirty  per  cent  less  milk  than  the  cow  of 
Denmark  on  the  same  quantity  of  food.  Such  instances  serve  to 
show'  the  value  of  the  scientific  an<l  statistical  methods  by  which 
everv  countrv  is  extendin^r  its  animal   resources. 

In  our  own  countrv  the  total  value  of  all  farm  animals  in 
1896  was  reported  at  $1,9I):,()0(),0()().  Four  ycnirs  later,  in  1900, 
$2,213,000,000.  In  1891  our  (\\i)orts  of  farm  products  alone 
amounted  to  $950,000,000,  and  made  up  sixty-five  ])er  cent  of  our 
entire  export  trade.  Of  this  amount,  $'3.')(),0()0.f)0()  worth  consisted 
of  animal  products.  To  ])rotect  ourselves  and  our  customers,  the 
United  States  government,  during  this  year,  inspected  a  million 
and  a  lialf  of  cattle  for  T(»xas  fever,  and  vaccinated  thousands  of 
cattle  for  black-leg.  Out  of  a  total  of  fiv(^  million  cattle  inspected 
for  various  diseases,  12,500  were  condemned.  Out  of  24,000,000 
hogs  inspected,  80,000  were  condemncMl.  '^l'hcs(»  are  but  a  few 
statistics  showing  the  enormous  extent  of  our  animal  industries  and 
the  degree  to  which  we  have  developed  our  system  of  intelligent 
supervision. 

Our  government  exhibits  commendable  enterprise,  also,  in  the 
introduction  and  encouragement  of  new  species  of  domestic  ani- 
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mala.  The  esUblielimenl  of  tbe  reiiideer  in  Alaska,  while  its  iilU- 
inate  success  i^  questionable,  has  proved  of  considerable  value  on 
several  occasions.  The  governnient  is  introducing  tlio  Angora  groal 
into  regions  where  it  promises  to  add  maferially  to  Uie  resources  of 
the  farmer.  The  last  report  of  the  Secretary  of  Agricultnri;  turns 
oiiv  attention  to  the  development  of  the  animal  resource3  of  our 
island  possessions.  In  Hawaii,  for  example,  it  is  reported  that  ^ 
live  hogs  sell  for  ten  to  seventeen  cents  per  pound,  chickens  for 
$15  per  dozen  and  eggs  for  forty  to  fifty  cents  per  dozen,  all  being 
in  the  category  of  luxuries.  It  is  proposed  to  increase  these  prod- 
ucts in  the  islands  until  they  can  be  soid  as  cheaply  as  the  common 
foods. 

We  will  now  consider  that  vast  field  of  economic  zoologj'  in- 
cluding all  those  animals  directly  beneficial  or  injurious  tii  the 
human  race,  which  have  not  been  domesticated  to  any  extent.  We 
shall  see  tliat  in  this  field,  also,  the  present  age  is  making  great 
eon()uests — and  some  sad  mistakes  as  well.  A  mere  cnuuirratinu 
of  the  animals  in  question  would  occupy  more  time  than  can  be 
spared,  and  the  characterization  of  their  economic  features  must 
tlierefore  he  verj-  brief  and  imperfect. 

You  have  probably  heard  the  ancient  saying  that  Amsterdam 
is  built  on  herring  bones,  and  'wo  could  all  of  us  name  Ipj-s  con- 
spicuous communities  of  our  own  acquaintance  whose  existence  de- 
pends on  fisheries  and  related  industries-  The  British  boast  Uiat 
every  aero  of  water  about  their  island  is  more  productive  of  vealth 
than  so  nmch  Knglish  soil.  The  tierman  Ocfan  produces  nnnuallv 
eight  to  twelve  pounds  of  fish  per  acre,  or  a  billion  to  a  billion  and 
a  half  of  pounds  in  all,  and  the  German  government  is  laboring 
to  increase  this  output  several  fold.  The  sturgeon  fishiTJcs  of  the 
^'olga  river  employ  a  hundred  thousand  men.  Two  years  ago  the 
fisheries  oC  th.o  United  Stales  yielded  a  return  of  forty  milliooB 
of  dollars,  and  the  oyster  business  alone  was  worth  fourteen 
millions,  and  yet  the  covmtry  had  to  import  fisheri'  products  to  the 
value  of  six  million  dollars,  most  of  which  might  ns  well  have  he^i 
produced  in  American  waters.  Every  one  knon-s  something  of  the 
motliods  and  results  of  the  work  of  our  national  anil  state  fish 
commissions,  to  whom  is  due  most  of  the  credit  for  ihe  prosperous 
condition  of  our  fisheries.    Kot  only  do  they  raise  fish  artificitUy 


hot  tliey  lenm  how  to  irombat  suci'eeefully  some  of  tlif  lUseasoa  and 
eneiiiifs  tliat  prey  on  our  food  fislies.  America  lias  the  distinction 
of  leading  the  world  in  the  rearing  and  protection  of  fish.  To  show 
whftt  one  atatt  can  do  in  one  year  it  may  not  be  amiss  to  refer  to  t]ie 
report  of  the  New  York  state-  flsh  eommissiou  for  1898.  In  this 
year  the  state  fisli-ear  made  forty-six  trips,  distributing  thirty-five 
car  loads  of  yoiiog  (isli  throughout  the  state,  and  fifty  earlnads  of 
fish  were  allowed  to  remain  in  the  hatcheries  for  tlie  next  year's 
planting.  The  stat&expects  to  restock  Lake  Ontario  with  whitefish, 
and  for  this  purpose  hatched  twenty  million  fry  in  one  year.  Our 
fish  and  game  commissions  frequently  render  good  service  by  sug- 
gesting appropriate  legislation  and  correcting  fanlty  laws. 

And  now,  to  cliange  the  subject  again,  we  shall  not  find  in  the 
whole  range  of  animals  another  class  of  such  power  for  gond  and 
evil  as  the  insects.  The  time  was,  not  itiany  years  ago,  when  the 
professional  entomologist  was  dubbed  a  "bug-hunter"  and  regarded 
with  undisguised  contempt  by  the  "practical"  farmer  and  man- of 
affairs.  But  the  despised  bugs  kept  rolling  up  accounts  against  our 
people  and  collecting  them  regularly,  annually  destroying  agricul- 
tural product*  valued  at  iflOO.OOO.Onn  lij  ¥300,(10(1,000.  Our  people 
set  the  bug  hunter  to  devising  funic  sort  of  relief  from  the  insect 
plague,  and  the  science  of  economic  entomology  was  brought  from 
Europe  to  America.  Like  many  other  things  introduced  from  the 
old  world,  it  has  developed  beyond  all  previous  bounds  and  now 
America  leads  the  world,  without  a  rival  in  the  science  of  applied 
entomology.  The  present  indictment  against  insects  consists  of 
Ave  counts  and  is  well  enough  cspressed  in  the  words  that  1  shall 
quote  from  Dr.  Howard,  the  United  Stales  Entomologist. 

"Insects  are  injurious: 

1.  As  destroyers  of  crops  and  other  valuable  plant  life. 
8.  As  destroyers  of  storeil  forida,  dwellings,  clothes,  Ii'joks.  etc, 
3.  Ah  injuring  live  stock  and  other  useful  BJiimals.  4.  As  annoy- 
ing man.    5.    As  carriers  of  disease." 

Another  quotation  shows  tbo  possibilities  of  these  pest?  when 
acting  in  the  fir.'^t  named  role: 

",\t  the  present  time  almost  every  cultivated  crop  has  not 
only  its  thousands  upon  thousands  of  individual  insect  enemies, 
but  it  is  affected  by  scores  ant!  even  Imnilreds  of  species,    A  mere 


tabulation  of  the  insect  enemies  of  the  apple  already  lecogniaed 
in  this  eonntn'  shows  2S1  species,  of  clover  82  species,  and  of  so 
new  a  crop  as  the  sugar  beet  TO  species.  The  insects  of  the  vine,  of 
the  orange,  of  the  wheat  crop,  and,,  in  fact,  of  all  of  our  prominent 
staples,  iihow  equally  startling  figures.*^ 

In  another  place  Dr.  Howard  quotes  statistics  showing  that 
half  the-  caitie  receiver]  at  the  Union  Stock  Yards  of  Chicago  in 
ISSl*.  were  a.^ictetl  with  the  ox  hot  fly.  or  ox  warble,  resulting  in  an 
actual  l'>s^  of  over  tliree  million  dollars  in  six  months  from  that  one 
insect  alone.  Instances  of  insect  ravages  might  easUy  be  multiplied 
ad  infinitum.  The  onlv  redeeming:  feature  of  this  situation  is  the 
wonderful  industr}'  of  our  scientists,  who  in  all  parts  of  the  world, 
have  studied  tlie  problems  of  fighting  and  exterminating  the  foe. 
The  public  has  been  educated,  also,  in  a  few  of  the  fundamental 
principles  of  economic  entomolog}'.  especially  in  regard  to  the  value 
of  birds  in  combating  insects.  We  are  becoming  more  than  ever 
impressed  with  the  dangerous  character  of  flies  and  mosquitoes. 
Experiments  in  the  eradication  of  mosquitoes  have  been  carried 
on  in  many  parts  of  the  c-ountr}*.  We  all  know  what  has  already 
been  done  along  this  line  in  some  tropical  regions.  Reference  will 
be  made  in  another  paragraph  to  the  extraordinarj*  battle  waged 
in  California  against  the  scale  insects.  Indeed,  we  may  say,  in 
summing  up  this  part  of  the  subject,  that  no  warfare  was  ever  more 
scientifically  waged  than  the  present  warfare  of  civilization  against 
noxious  insects,  allowing,  of  course,  that  there  is  still  ample  room 
for  improvement. 

But  there  is  another  side,  a  brighter  side,  to  the  insect  ques- 
tion.   Dr.  Howard  says: 

"'Insects  are  beneficial :  1.  As  destroyers  of  injurious  in- 
sects. 2.  As  destroyers  of  noxious  plants.  3.  As  pollenizers  of 
plants.  4.  As  scavengers.  5.  As  makers  of  soil.  6.  As  food 
(both  for  man  and  for  poultr}',  song  birds  and  food  fishes)  and  as 
clothing,  and  as  used  in  the  arts." 

It  is  needless  to  add  that  our  Department  of  Agriculture, 
under  the  lead  of  such  experts  as  the  late  Dr.  Biley  and  Dr. 
Howard,  whom  I  have  just  quoted,  has  spared  no  efforts  to  reap  a 
profit  from  the  insect  world  wherever  possible.  These  men  have 
raised  the  science  of  economic  entomology'  to  a  position  of  inter- 
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national  importance  tlirougii  their  most  gratifying  success  in  de- 
fitrojing  our  injurious  insects  by  importatione  of  their  enemies 
from  foreign  countrioe.  Experiments  in  this  line  began  as  many  aa 
thirty  years  ago,  but,  as  Howard  saya,  these  wftre  all  "dwarfed 
into  insignificance  by  the  astounding  success  of  the  importation  of 
Ifovius  (Vedalia)  cardinaHs,  a  ladybird  beetle,  from  Australia  into 
California  in  1S89."  T  will  condense  Howard's  interesting  account 
of  this  and  similar  importations. 

The  citrus  crops  of  California  were  suffering  from  the  rav- 
ages of  the  white  or  fluted  scale,  a  very  small  insect,  which  smx'ees- 
fully  resisted  all  measures  employed  against  it,  until  it  seemed  that 
nothing  could  rescue  the  orange  groves  from  certain  destruction. 
At  this  juncture  an  allacke  of  the  United  States  Division  of  Ento- 
mology visited  Australia  and  succeeded  in  sending  live  beetles  to 
California.  Here  they  made  themselves  at  home,  multiplying  with 
astonishing  fecundity  and  attacking  the  scale  insects  so  voraciously 
that  within  a  few  years  they  had  literally  exterminated  them,  and 
saved  to  the  citrus  industries  of  California,  millions  of  dollars. 
Later,  the  United  States  entomologist  had  the  pleasure  of  intro- 
ducing the  same  beetle  from  CaliforDia  into  South  Africa,  Egypt 
and  Portugal,  in  each  of  which  localities  it  was  successful  in  com- 
bating tlie  white  scale.  Another  ladybird  beetle  imported  into 
California  "lias  unquestionably  ridden  many  olive  groves  of  the 
destructive  black  scale,  and  is  today  present  in  many  other  orchards 
in  such  numbers  that  the  scale  practically  makes  no  headway." 
Many  other  experiments  of  this  sort  are  under  way  in  this  country, 
and  the  eflicaey  of  insect  importations  has  been  successfully  tested 
in  Hawaii  and  other  lands. 

The  last  annual  report  of  the  United  States  Secretary  of  Agri- 
culture announci'S  the  success  of  another  importation,  a  most  un- 
ique experiment,  the  scene  of  which  lies  in  California.  For  scvi-ral 
yeare  the  fruit  growers  had  attempted  to  raise  Smj-ma  figs  in 
California,  without  success.  About  six  years  ago  the  Division  of 
Entomology  determined  to  introduce  from  the  ileditorranean  coun- 
try a  little  insect,  Blaslophaga  grossorum,  which  there  performs 
the  verj'  essential  function  of  pollenizing  the  fig.  After  four  or  five 
generations  of  this  fertilizing  insect  had  been  reared  at  Fresno, 
it  became  evident  that  it  would  supply  the  only  factor  lacking  for 


the  Micns^dil  pro»Hn«  of  figs.  Ami  now  tho  ■■Sinvrna  figs"  (if  the 
Pacific  Out  bid  fair  to  take  tfaeir  rank  along  with  the  fttaitdard 
figs  at  omuoerce.  The  fnit^  States  oitotDoli^ut  is  prepared  to 
(Dmish   co1<H]ies  of  thK«  precioBs  ineeets   to  all   iotnuliiig  Gf 

In  the  few  instances  jn?t  described  we  beboM  tbe  realization 
of  one  of  tbe  chief  ideak  of  economic  biolog\' — the  subjection  of 
useful  species  (o  the  will  of  man.  ^ 

UanT  insects  might  lie  named  which  are  of  great  Tslne  in 
agriculture  and  coiiimertf.  We  tliink  at  once  of  the  silk-wonn, 
whid),  as  Profe^for  Shalcr  remarks,  is  of  more  importanee  to  lu 
than  tbe  elephant,  becao^  il  supports  an  indostrr  out  of  vhich  ten 
miliiooE  of  human  bein^  get  llieir  lining.  The  bee  is  busy  all  orer 
the  earth,  furnishing  annuallv  ten  thousand  Inns  of  honer  besides 
a  Tatuabic  ontput  of  was.  The  cochineal  bug  of  the  tropics,  from 
which  ve  derive  our  supply  of  carmine,  once  oulranked  all  other 
ineecte  in  the  commorc-inl  value  of  its  product.  'Sow,  howerer,  the 
aniline  colors  have  largelv  superadded  carmine. 

Lest  this  paper  should  become  merely  a  catalogue,  we  wQI 
spare  ton  the  re)ietiti'>D  of  a  score  or  more  of  useful  insects,  mordv 
remarking  that  po^ibly  ibis  tiatis  of  aniuiaU  comprises  among  iw 
milltonc  of  species  mor^  friends  than  foes. 

Tbe  birds  undouhtedly  rank  nest  to  the  in*ecte  in  economic 
importance.  Xearly  all  of  them  are  useful  to  man.  A  recent 
writer  sars  that  if  all  our  native  birds  were  to  be  destroyed  roan 
would  die  of  etarvation  inside  of  ten  years ;  mainly  because  of  tbe 
unchecked  increase  of  the  insects  that  de^^troy  our  food  plants. 
However  this  may'  be,  we  know  that  cirilization  is  coming  to  a 
realizing  sense  of  its  dependance  on  birds  in  the  war  against  noxious 
animals  and  weeds.  This  rational  attitude  toward  our  birds  is  due 
largely  to  tbe  careful  investigations  of  bird  habits  in  ever)'  coonttjr 
of  the  first  rank,  partieuUrly  in  our  own  land.  The  study  of  the 
relation  of  birds  to  agriculture  has  been  very  thoroughly  cultirated 
by  the  T'nited  States  Poparlment  of  Agriculture,  involving,  among 
other  methods,  the  investigation  of  the  contents  of  about  20,000 
birds'  stomachs,  and  the  careful  tabulation  of  the  articles  of  diet. 
The  report  pubhshed  in  IK!t9  states  that  only  six  or  eight  of  our 
native  American  birds  are  found  to  be  injurious  to  man.     The 


English  8i»arrow  and  a  few  hawks  and  owle  are  condenincc!  to  ex- 
terminatinn  by  this  verdict  of  thy  department,  while,  on  the  other 
hand,  some  species  formerly  considered  noxious  nre  found  to  be 
decidedly  useful.  Everybody  knows  something  about  the  cam- 
paign against  the  tiao  of  birds  for  niillinery,  and  the  measure  of 
Bupport  that  it  has  received.  Our  government  and  the  various 
states  are  slowly  motlifying  their  legislation  aud  coming  lo  a  more 
rational  way  of  dealing  with  tliis  (|ui>slion.  Hereafter  questions 
involving  the  welfare  of  any  of  our  birds  are  likely  to  be  referred  ■ 
to  experts  and  not  left  entirely  to  the  whims  of  the  selfish  or  the 
tender  mercies  of  the  careless. 

or  the  higher  animals,  the  mammals,  there  are  scores  of  spe- 
cies whose  value  is  well  known.  Wc  need  merely  to  mention  the 
fur-bearing  beasts,  and  our  game  animals  to  recall  many  species 
to  mind.  Of  these,  one  and  all,  we  confess  in  truth  tliat  we  have 
sinned  against  them,  and  are  reaping  the  results  of  our  folly  in  a 
threat«ned  extermination  of  some  of  the  most  valuable.  The 
law  makers  are  proverbially  slow  in  acting  where  the  fate  of  wild 
animals  is  (.■ontenied,  as  is  too  well  seen  in  the  case  of  the  fur  seal, 
the  buffalo,  ami  many  kinds  of  wild  game.  Public  opinion,  how- 
ever, ie  becoming  stronger  and  witli  the  help  and  backing  of  such 
organiMtions  as  the  Ijcague  of  American  Sportsmen  it  is  likely 
to  crente  gradually  hotter  conditions  for  all  the  animals  that  are 
hunted.  The  passing  of  the  fur  animals  of  the  north  has  given  a 
market  value  to  such  inferior  pells  as  those  of  cats,  squirrels,  rabbits 
and  rats.  The  breeding  of  the  Arctic  fox  promises  to  become  a  very 
productive  industry  in  Alaska,  iSs  for  leather,  there  seems  to  "be 
■no  sort  of  hide  from  which  it  is  not  jirepareil  toilay,  from  the  skin 
of  the  eel  to  that  of  the  elephant. 

The  discussion  of  our  topic  would  be  incomplete  without  men- 
tion of  some  of  the  hlundors  that  man  has  made  in  his  efforts  to 
make  himself  master  of  the  situation.  The  grealfist  of  these,  is  the 
flft  repoate<l  sin  of  eKtermiiiation.  Something  like  a  score  of  species 
were  exterminated  by  man's  misdirected  industry  during  the  nine- 
'teenth  century,  and  many  other  spiries  were  so  hard  pressed  that 
their  disapjiearance  fi'om  earth  seems  a  question  of  a  few  years, 

Anotlier  mistake  that  man  has  repeated  often  with  disastrous 
results  is  the  drslurbnnee  of  the  halaneo  of  natnrc  by  the  intro- 


duction  of  wild  animals  from  one  country  to  another.  The  case 
of  the  mongoose  in  Jamaica  is  a  good  illustration,  and  so  well 
known  that  it  needs  but  a  word  of  explanation.  This  mammal  was 
brought  from  India  to  rid  Jamaica  of  its  pest  of  rats.  Being  free 
from  its  natural  enemies,  against  wliich  it  had  always  competed  in 
India,  it  soon  became  more  of  a  nuisance  than  the  rats  that  it  had 
supplanted — in  fact  it  completely  upset  the  balance  of  nature, 
until  tlie  government  of  the  island  offered  a  bounty  on  its  head. 
In  spite  of  this  unsavory  chapter  of  natural  historv',  it  has  re- 
quired the  most  vigilant  and  determined  opposition  on  the  part  of 
the  United  States  government  to  prevent  the  importation  of  the 
mongoose  by  certain  well  meaning  people,  to  the  southern  states 
and  to  Hawaii.  Australia  has  suffered  the  loss  of  millions  of 
dollars  by  the  introduction  of  rabbits  from  England,  merely  to  fur- 
nish game  for  hunting.  The  Englisli  sparrow  came  to  America, 
by  invitation,  in  1850.  We  all  know  the  result.  The  g}*psy  moth 
was  turned  loose  in  Massachusetts  in  18()8  or  '69,  by  an  innocent 
experimenter  who  wished  to  test  its  silk  making  powers.  In  twenty 
years  the  state  government  began  the  task  of  exterminating  the 
moth,  and  now,  after  expending  several  millions  of  dollars,  it  finds 
the  moth  sliglitly  ahead  in  tlie  race.  It  is  not  strange  that  some  of 
our  scientific  experts  are  trying  to  secure  legislation  that  shall  make 
it  a  criminal  offense  to  bring  into  the  country  any  foreign  animal 
without  the  consent  of  some  regularly  constituted  authority. 

The  future  of  economic  zoology  is  filled  with  marvellous  pos- 
sibilities, and  bright  with  promise.  Applied  zoology  has  taken  its 
place  among  the  arts  and  sciences  of  this  progressive  age  and  it  has 
its  skilled  experts,  its  laboratories,  its  problems,  and  its  solution 
of  some  of  the  vexatious  questions  of  the  day.  Every  fish  hatchery, 
every  experimental  station,  every  agricultural  college,  and  in  a 
growing  degree,  every  biological  laboratory  in  the  world,  is  a  center 
for  the  prosecution  of  research  and  experiment  in  this  vast  field. 
Every  discovery  in  biolog}',  however  impractical  and  trivial  it  may 
at  first  appear,  conduces  to  some  new  triumph  of  man  over  the 
plastic  forces  of  the  animate  world.  Let  us  now  consider  a  few  of 
the  lines  along  which  the  future  achievements  of  this  science  are 
likely  to  be  worked  out. 

1.    We  shall  put  a  stop  to  the  ruthless  slaughter  of  our  wild 
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anitn*!"  vherever  a  ch'ilized  government  has  its  'Sphere  of  in- 
fluence."   We  are  likely  to  go  Btill  further  in  this  direction  and  to 
set  aeide  parts  of  the  national  domain  aa  permanent  parka  in  vhich 
L  every  form  of  life  shall  be  absolutely  safe  from  man's  marauding 
I  band.     Our  own  government  has  made  a  good  beginning  in  the 
^.Yellowstone  National  Park.     It  remains  now  to  secure  tracts  of 
jsvailable  wilderness  east  of  the  Mississippi,  and  on  the  Pacific 
(Coast.    These  reservations  may  be  made  valuable  as  forestry  pre- 
■Tves,  thus  serving  for  all  time  a  double  purpose.     Some  of  our 
lates  have  made  beginnings  in  this  work,  but  we  need  more  ex- 
msive  reservations  under  federal  control.    The  movement  recently 
f  sanctioned  by  Mr.  Homaday,  of  New  York  city— the  setting  apart 
of  a  magnificent  nalional  reserve  in  southern  Alaska,  should  be 
consummat«d  without  delay.    We  shall  then  have  a  place  of  refuge 
for  the  most  superb  mammals  of  the  continent— the  buffalo,  musk 
ox,  various  species  of  bear,  the  beaver,  many  of  the  choicest  fur- 
bearing  animals,  etc.    It  is  a  wise  provision  of  Providence  that  has 
placed  the  noblest  fauna  of  North  America  in  our  own  domain  and 
1  a  part  of  it  that  offers  few  temptations  to  the  farmer  or  the 
liner.    We  shall  certainly  be  very  remiss  if  we  Jail  to  set  apart  and 
^trol  this  Iflst  refuge  of  the  animals  that  are  now  hunted  to  the 
sath. 

Other  countries  are  moving  in  this  matter;  oven  in  Africa 
iie  protection  of  wild  animals  is  to  be  undertaken  by  the  powers. 
A  convention  signed  by  all  the  leading  governments  of  Europe 
about  three  years  ago,  makes  rigid  reetrictions  on  the  hunting  of 
game  in  Africa,  and  among  other  agreements,  binds  the  signatory 
^wers  to  encourage  the  domestication  of  the  zebra,  elephant, 
'Oetrieh,  etc.,  io  prevent  (lie  transmission  of  diseases  from  tame 
to  wild  animals,  to  destroy  the  eggs  of  crocodiles,  poisonous  snakes, 
^rytlions,  and  in  many  other  ways  to  render  service  to  (he  useful 
r  harmleBS  animals  that  are  in  greater  danger  of  cxtennination. 
2,  The  most  inviting  servife  that  awaits  the  energit-s  of  tlie 
iGODomic  zobIoj;ist  is  the  seeking  out  of  new  specii«  of  animals 
ibat  shall  he  made  useful  to  man  in  some  new  way.  The  number 
f  animals  that  we  utilize  at  present  is  surprisingly  small.  The 
Otal  of  uninutl  species  classified  and  named  by  our  scholars  was 
rtimatcd  at  over  Tl,i"i»  in  the  year  1830;  .W  vears  later,  an  1881, 


there  were  over  311,000 ;  white  in  ISDIJ  there  wori;  said  to  be  36(1.1)00 
epecies  of  animals  having  scientific  naniea  and  recorded  in  the 
books.  It  is  popularly  believed  that  Adam  finished  the  busint'ss 
of  naming  the  animals  before  he  left  his  resilience  in  Eden,  Imt 
we  see  from  the  figures  just  (juote<l  that  our  own  conteiuporariea 
found  and  named  in  the  last  three-quarters  of  the  nineteenth  cen- 
tury neai'ly  300,000  that  Adam  in  hie  hurry  had  overlooked.  And 
lest  any  one  should  think  that  the  task  was  completed  by  the  dawn 
of  tlie  twentieth  century,  we  arc  told  that  the  sura  total  of  animal 
species  is  probably  no  less  than  ten  raillione.  Indeed,  Dr.  Riley, 
once  V.  S.  entomologist,  estimated  the  varieties  of  insects  alone 
at  ten  millions,  which  would  bring  up  the  sum  of  all  animal  Kperies 
to  fifteen  millions.  There  remain,  therefore,  between  nine  million 
and  fourteen  million  species  still  nameless — enough  to  furnish  occu- 
|)alion  for  a  long  time  to  those  who  like  that  sort  of  thing.  The 
real  question,  the  main  question  now,  is,  What  ie  tlie  place  of 
this  species  in  the  (■eonnmy  of  nature?  Is  it  injurious  to  the  in- 
terests of  man?  If  not,  can  we  turn  it  to  account  in  any  way? 
The  number  of  animals  utilized  by  man  is  small,  ridiculou&ly  small, 
it  would  seem.  Shalcr  says  that  we  use  only  100  animals  and  1,000 
plants  out  of  millions  of  species.  Only  twelve  insects,  he  tells  us, 
are  used  directly  hy  man,  and  only  two  of  these,  the  hee  and  the 
silk  worm,  can  be  called  domesticated.  America,  the  scene  of  bo 
many  of  the  latest  triumphs;  of  wonomic  zoiilogj-,  has  added  only 
one  animal  "of  definite  use  to  man  over  a  wide  field,"  to  the  list 
of  domestic  animals;  and  that  is  the  turkey,  which,  hy  the  way. 
became  domesticated  in  ^urope  and  was  brought  back  again  to  its 
old  home.  Tliesc  arc  the  statements  made  by  Shaler.  It  is  tnie 
that  we  are  now  domesticating  the  buffalo,  but  with  rather  doubtful 
success.  Peter  Kalm,  who  visited  this  country  in  1750,  speaks 
of  seeing  domestic  buffalo  here.  The  early  settlers  of  this  country 
had  their  schemi's  for  domesticating  the  moose,  but  they  never 
accora]»liehetl  the  work.  Other  wmtiuents.  also,  have  their  nnim- 
provod  opportunities.  In  Africa  the  breeding  of  zehroids.  crosses 
between  horses  and  the  native  zebras,  promises  to  revolutionise  the 
horse  question.  The  bare  possibility  of  originating  on  African  soil 
a  hybrid  that  shall  compete  successfully  with  the  imported  Ameri- 
can mule,  sheds  great  hope  on  the  life  of  a  South  African,  Tha^< 


ever  his  politica  may  be.     So,  !nd«ed,  the  disoovery  of  r  single 
useful  species,  or  the  finding  of  a  new  yse  for  an  already  service- 
able animal,  may  be  the  means  of  adding  millions  to  the  revenues 
nt  a  nation.     No  cnnnlry  can  consider  the  exploitation  of  its  ani- 
mal TMources  completed  until  it  has  thus  pressed  the  last  recruit 
^^into  its  seriiices  and  developed  it  to  its  highest  capacity. 
^^^L      3.    This  brings  tis  to  the  last  and  highest  ideal  to  be  sought 
^^^■l  our  use  and  treatment  of  aninialg.  namely,  tliu  development  of 
^^^  stronger  sympathy  betn'oen  us  and  our  dumb  friends  by  edu- 
cating not  only  them  but  ourselves  as  well.     Professor  Shaler,  in 
his  con^^ncing  way,  shows  us  that  the  animals  most  companion- 
able with  man  have  developed  hnmiin  qualities  cf  mind  l)y  long 
processes  of  artificial  selection.     This  is  illustrated  in  what  we 
all  recognize  as  a  well-bred  dog;  and  who  of  us  does  not  recog- 

K' le  a  well-bred  dog  as  instinctively  as  a  well-bred  man?  That 
(  domestic  animal  should  become  assimilated,  in  mental  traits, 
its  lord  and  master  is  as  fortunate  as  it  is  natural,  for  it  opens 
to  us  iiumense  jxissibilitics.  If  in  the  future  as  much  atten- 
n  shall  he  given  to  the  improvement  of  animals  in  this  line 
in  the  past  we  have  bestowed  on  the  development  of  certain 
ysicnl  "points"  in  every  breed  of  dogs  or  horse?  or  pigeons,  we 
may  expect  to  bring  our  animals  into  more  helpfid  and  affectionate 
relationships  with  us  than  ever  before.  Indeed,  such  a  result  is 
tevitable  as  surely  as  it  is  ever  attempted  by  the  scientific  breeder. 
[  you  find  your  dog  companionable  in  your  romps  through  the 
uitry  or  in  the  quieter  hours  that  yon  spend  at  the  fireside,  why 
all  not  his  descendants  in  future  ages  he  still  more  worthy  to 
>ciate  on  terms  of  intimacy  with  the  very  best  families?  Have 
i  ever  thoug>it  of  the  possible  social  status  of  some  of  our  dumb 
lends,  a  few  centuries  hence? 

They  say  that  "slumming"  has  a  most  wholesome  influence 

t  the  social  missionary.     By  a  sort  of  natural  reeiprocitj-  he  re- 

seives  from  his  lowly  environment  as  much  as  he  givte,  and  so 

he  develops  a  fine  personality  while  sacrificing  himself  for  others, 

It  is  equally  true  that  if  we  adopt  the  honest  and  human  atti- 

taide  toward  the  animals,  using  them  for  our  convenience,  if  we 

,  hut  treating  theiu  always  with  the  consideration  due  to 

'vy  fellow  creature,  we  shall  minister  to  the  dei-elopment  of  our 


own  characters.  This  high  philosophy  is  not  inconsistent  witfi 
the  proper  use  of  animals  in  any  kind  of  service,  nor  does  it  pre- 
vent the  destroying  of  those  forms  that  torment  ourselves  or  our 
animal  friends.  In  some  countries,  as,  for  example,  India,  many 
forms  of  animals  are  deified,  housed  in  temples,  worshiped,  and 
regarded  with  such  awe  that  no  one  dares  to  kill  one  of  them  even 
to  put  it  out  of  extreme  miserj'.  Yet  our  own  people  are  much 
more  humane  than  these  worshipers  of  animals,  and  without  any 
of  their  befogging  and  Iieathenish  philosophy.  As  we  extend  our 
power  over  the  animals  it  will  ever  be  with  a  growing  sense  t 
respect  for  their  myriad  forms,  and  a  corresponding  sense  of  aA 
own  responsibility  to  their  Creator  and  ours  for  the  way  in  whiq 
r  undivided  dominion. 
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From  the  day  of  its  inception,  one  fundamental  principle  has 
ntrolled  the  policy  of  the  Buffalo  Society  of  Natural  Sciences. 
ealizing  the  important  place  which  a  great  museum  must  event- 
lly  take  in  the  educational  system  of  its  home  town,  we  have 
ivays  endeavored  to  get  into  the  closest  and  most  effective  rela- 
»nship  with  the  public  schools  of  our  city.  Every  facility  which 
\  had  to  offer  to  the  student  has  been  freely  and  continuously 
iced  at  his  command.  For  years  the  science  teachers  of  the  city 
.ve  been  in  the  habit  of  bringing  their  classes  to  our  building, 
d  we  have  supplied  them  with  room  and  materials  for  their 
>rk.  In  the  study  of  geology,  thousands  of  high  school  pupils 
.ve  received  great  benefit  from  our  collections  of  rocks  and 
inerals,  and  our  display  of  native  birds  and  animals  has  been  of 
e  greatest  help  to  the  classes  in  zoology  and  natural  history. 

At  the  beginning,  it  was  the  custom  for  the  teachers  to  ac- 
mpany  the  classes  and  take  charge  of  their  work  while  here,  the 
aseum  offering  simply  its  collections  and  rooms,  no  attempt 
ing  made  to  provide  lectures  or  instruction  beyond  what  was 
splayed,  in  time,  however  it  was  found  that  certain  topics  were 
such  universal  interest  that  they  would  warrant  special  atten- 
>n,  and  so  the  plan  of  special  lectures  for  the  schools  came  into 
ing.  A  series  of  talks  on  *'Bees",  *'Birds"  and  *'Insects"  was 
ranged  for  Saturday  afternoons,  and  were  open  to  such  of  the 
ades  as  cared  to  come,  and  met  with  much  success.     The  atten- 
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dance  at  these  talks  was  entirely  optional  with  the  classes,  the 
Department  of  Education  simply  recommending  that  as  many 
schools  as  possible  take  advantage  of  them. 

As  a  part  of  the  work,  it  was  expected  that  the  cjasses  which 
came  to  the  talks  would  tak^  the  opportunity  of  visiting  all  the 
rooms  of  the  museum,  and  in  this  way  become  acquainted  with 
the  fact  that  there  were  here  displayed  for  their  benefit  many  in- 
teresting and  valuable  specimens  illustrating  topics  which  would 
be  an  important  part  of  their  later  studies  along  scientific  lines. 
As  a  further  inducement  to  the  schools  to  come  to  our  museum, 
the  large  lecture  room  was  equipped  with  a  suitable  apparatus  for 
the  projection  of  slides,  and  this  was  announced  as  being  available 
for  any  school  or  class  that  cared  to  come  and  bring  slides  to 
illustrate  a  talk  by  the  principal  or  teacher.  For  some  months 
this  room  was  in  nearly  constant  use  by  the  schools,  the  teachers 
coming  with  the  classes  and  making  whatever  explanation  was 
necessary  as  the  pictures  were  thrown  on  the  screen  by  the  op- 
erator. In  one  series  given  to  the  third  and  fourth  grades,  on 
geography,  over  14000  children  attended.  Shortly,  however,  after 
this  plan  had  been  inaugurated,  the  Department  of  Education  con- 
sidered it  advisable  to  equip  nearly  all  the  schools  with  lanterns, 
and  therefore  at  this  time  only  a  few  schools  are  under  the  neces- 
sity of  coming  to  our  rooms  when  they  wish  to  display  slides  to 
their  classes. 

In  the  spring  of  1905,  through  the  efforts  of  Hon.  T.  Guilford 
Smith,  the  President  of  the  Society,  a  plan  was  arranged  with  the 
Department  of  Education  by  which  our  Museum  became  an  im- 
portant factor  in  the  work  as  required  from  the  pupils  of  the 
grammar  grades.  A  suitable  collection  to  illustrate  the  weapons 
and  utensils  of  the  colonial  days,  used  by  Indians  and  whites,  was 
arranged,  and  notice  was  sent  to  all  classes  studying  American 
History  that  these  things  were  on  exhibit  for  the  schools,  and 
could  be  seen  by  applying  at  the  Museum  for  a  suitable  hour  to  be 
assigned.  It  was  expected  that  the  teachers  would  bring  their 
classes  and  explain  the  utensils  and  other  interesting  specimens  to 
the  classes  from  the  cases.  This  plan  did  not  meet'  with  great 
enthusiasm.  The  teachers,  already  having  as  much  special  work 
as  they  could  be  reasonably  expected  to  carry,  preferred  having 
some  one  else  give  the  talks,  and  Dr.  Carlos  E.Cunimings,  the  Secre- 
tary of  the  vSociety,  was  asked  to  take  this  matter  in  charge.  This 
being  done,  the  visits  uf  the   schools  took  the  nature   of  regular 
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lectures,  and  met  with  great  and  immediate  success.  Although 
attendance  was  not  required,  so  many  teachers  applied  for  dates 
that  in  this  course,  as  can  be  seen  in  the  appendix,  thirty  five 
separate  lectures  were  given,  to  an  attendance  of  nearly  5000  chil- 
dren. These  talks  were  followed  by  a  series  on  birds  and  bees  to 
the  seventh  grade,  thirty  lectures  in  all,  to  an  attendance  of  6700. 

During  the  summer  arrangements  were  perfected  to  make  this 
work  an  integral  part  of  the  public  school  requirements.  The  De- 
partment of  Education  decided  to  make  the  attendance  upon  these 
talks  compulsory  on  those  classes  included  in  the  grammar  grades, 
and  the  Society  secured  the  services  of  Dr.  Cummings  for  the 
following  year.  He  has  since  had  charge  of  this  work,  giving  all 
the  talks  and  preparing  all  the  material  used  in  illustrating. 
Regular  schedules  were  prepared  by  the  Department  of  Education, 
and  sent  to  all  the  principals,  notifying  them  upon  what  day  to 
send  their  classes,  and  the  Society  also  sends  to  each  principal  a 
card  announcing  the  lecture  so  that  any  alterations  or  changes  in 
the  schedule  can  be  arranged  for.  At  the  end  of  each  course 
supplementary  lectures  are  given  to  accomodate  those  schools 
which  for  any  reason  have  been  unable  to  come  at  the  scheduled 
date.  As  a  convenience  in  keeping  the  records  of  each  course, 
each  teacher  is  expected  to  regi^.ter  at  the  time  of  the  talk  her 
name,  the  school  she  represents  and  the  number  of  boys  and  girls 
she  has  with  her. 

A  great  part  of  the  work  of  the  Secretary  is  taken  up  in  pre- 
paring the  material  used  in  illustrating  the  talks.  Lantern  slides 
are  used  freely.  To  facilitate  the  manufacture  of  these  pictures, 
a  dark  room  was  fitted  up,  and  materials  secured,  and  we  now 
have  available  a  considerable  number  of  slides,  and  more  are  being 
constantly  added  Within  the  year  nearly  six  hundred  slides  have 
been  made  here  in  the  museum,  and  the  files  include  over  a  thou- 
sand negatives  that  can  be  made  up  on  short  notice  if  needed. 
(For  a  complete  list  of  slides  on  hand,  see  Appendix  D).  A  trip 
to  Jamaica  during  the  month  of  April  yielded  nearly  500  neg- 
atives, (vide  Appendix  B),  and  a  visit  to  the  copper  country  of 
Lake  Superior  furnished  Rome  valuable  material  (Appendix  C). 

Series  I.  was  illustrated  by  a  fine  collection  of  relics  and 
material  borrowed,  as  well  as  that  in  the  cases  of  the  Museum. 
The  boys  were  particularly  attracted  by  the  exhibit  of  guns  and 
weapons,  while  the  girls  showed  more  enthusiasm  over  the  spin- 
ning wheels  and  articles  of  housewifery.     This  series  was  repeated 
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to  the  eighth  grade,  using  the  same  material.      No  slides  were 
shown  in  these  courses. 

In  the  bird  talks,  actual  specimens  of  the  birds  described  in 
Mr.  Burroughs'  splendid  stories  were  shown,  and  then  a  series  of 
pictures  was  thrown  on  the  screen  showing  the  homes  of  the  birds 
and  the  enemies  which  are  liable  to  attack  them.      These  talks 
were  possibly  the  most  popular  of  any  given.     For  illustraiing  the 
bee  talks  a  hive  of  live  bees  was  secured,   the  walls  of  the  hive 
being  made  of  glass  so  that  the  bees  and  comb  can  be  pliinly  seen. 
Another  empty  hive  was  used,  to  show  the  frames,  comb,  queen 
cells,  and  general  arrangement.     A  full  set  of  bee-keepmg  uten- 
sils gave  the  children  an  idea  of  the  methods   used   by    the   bee- 
keeper in  handling  his  charges,   and  with  the  help  of  the  sli  les, 
many  features  of  the  anatomy,  as  well  as  the  customs  and  h  ibits 
of  the  bee  were  explained.     Two  cases  were  arranged,  one  sht>w- 
ing  a  fairly  complete  series  of  the  mineral  products  of  the  United 
States  in  the  crude  state,  and  these  were  used  in  the  lectures  to 
the  fifth  grade  children.     Similar  cases  showed  tropical  pr«>ducts, 
notably  cocoa,  vanilla,  cocoanuts,    coffee  and   rubber,    and   were 
used   in  the  sixth  grade   work.     The    fine   slides   illustr»tive  of 
Jamaica  products  will  be  available  in  addition  for  the  work  next 
year.     The  Physiology  talks  were  an  effort  to  perform  for  the 
children  the  experiments  required  in  the  new  physiology  syllabus, 
with  suitable  explanation,  and  were  so  successful  that  at  the.  re- 
quest of  the  teachers,  an  evening  was  arranged  for  them  aUme.  at 
which  time  they  were  at  liberty  to  ask  questions  of  the  lecturer  in 
regard  to  the  work,  and  the   methods  of  performing  the  experi- 
ments before  their  classes.     Although  the  talks  were  given  duri  g 
the  required  school  hours,  and  attendance  was  in  a  sense  compul- 
sory, it  has  been  found  that  both  teachers  and  children  have  taken 
the  greatest  interest  in  the  work.     One  boy  last  year  came  three 
different  times  to  the  bird  talks  and  several  teachers  requested  the 
privilege  of  bringing  their  classes  a  second  time.     In  a  few  of  the 
courses  the  lectures  were  announced   to   the  teachers  at   grade 
meeting,  and  they  were  asked  to  register  their  schools,    if   they 
cared  to  have  their  classes  attend.     In  every  case   nearly  every 
teacher  registered  immediately  or  shortly  at'er  the  beginning  of 
the   series.      The  lectures  arc   given  at    10:30   and  at   a:oo,   the 
schedule   being   arranged    so    that    those    schools     situ-ited    the 
farthest    from    the     museum     have     an    afternoon    assii^nment 
This  prevents  any  necessity  for  hurry  in  getting  back  to  school 
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for  an  afternoon  session.  The  attendance  at  the  talks  has  av- 
eraged about  135,  the  number  being  purposely  made  small  so  as 
to  make  them  as  informal  as  possible  and  to  encourage  the  chil- 
dren to  ask  questions  as  well  as  answer  them  on  the  topics 
presented. 

A  report  of  this  kind  would  be  quite  incomplete  were  not 
some  acknowledgement  made  to  the  officers  of  the  Society  by 
whose  persistent  and  effective  efforts  our  present  effective  system 
has  been  developed.  Among  these  are  the  late  Dr.  William  C. 
Barrett,  one  time  Director  of  the  Museum  of  our  Society;  Mr. 
Frederick  Houghton,  who  was  responsible  for  the  travelling  ex- 
hibit scheme,  which  is  now  being  taken  up  by  the  large  museums 
of  the  country ;  Dr.  Lee  H.  Smith,  for  many  years  the  President 
of  the  Spciety,  under  who>e  administration  the  lectures  were 
brought  to  a  systematic  basis;  Dr.  Elizabeth  J.  Letson,  the  ef- 
ficient Director  of  the  Museum,  on  whose  shoulders  the  greater 
part  of  the  routine  in  arranging  the  work  has  fallen;  and  Mr. 
Henry  Richmond,  Chairman  of  the  Education  Committee,  who 
has  been  largely  instrumental  in  getting  recognition  and  assistance 
from  the  City  in  carrying  on  the  work.  It  is  with  particular 
pleasure  that  the  Society  acknowledges  here  its  great  obligation 
to  the  Hon.  T.  Guilford  Smith,  Member  of  the  Board  of  Regents 
of  the  University  of  the  State  of  New  York  and  President  of  the 
Buffalo  Society  of  Natural  Sciences  since  1903.  Although 
closely  connected  with  nearly  every  public  movement  that  con- 
cerns the  best  interests  of  our  City,  Mr.  Smith  has  found  time 
to  place  our  Society  on  its  present  high  level  of  efficiency.  Be- 
lieving firmly  that  in  co-operation  only  can  the  best  results  be 
secured,  he  has  succeeded  in  associating  all  the  various  and  dis- 
connected interests  represented  in  the  school  work,  making  them 
one  and  uniform,  workmg  to  a  common  end,  and  accomplishing 
an  amount  of  good  which  is  most  remarkable  considering  the 
unfortunately  limited  facilities  of  the  Society  at  the  present  time. 
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Appendix  A 


Schedule  of  Lectures  delivered  to  grammar  grades,  1905-6. 


No. 

Subject 

Grad^ 

Date                       Date 

Number  of 

Atten- 

I 

Colonial  and 

begun                    ended 

Lectures 

dance 

Indian  customs 

9 

March  21  to  March  31 

18 

1950 

II 

<« 

8 

April      5  to  April     24 

17 

3000 

III 

Birds 

7 

ApHl     24  to   May       8 

15 

3360 

IV 

Bees 

7 

May      22  to  June       r> 

15 

3850 

Summer  vacation. 

26 

V 

Birds 

7 

Oct.       16  to  Nov.       2 

2997 

VI 

Mineral 

products,  U.  S. 

5 

Nov.     13  to  Dec.       21 

40 

3732 

VII 

Physiology 

9 

Jan.       3  to  Jan.        5 

5 

162 

VIII  l^uth  American 

• 

products 

6 

Jan.      10  to  March    1 

45 

3909 

VII 

(continued) 

9 

March    1  to  April      1 

16 

1743 

.  IX 

Bees  ' 

i 
5 

May      14  to  June       1 

23 
220 

2780 

• 

1) 

26983 

Appendix  B 


To  the  President, 

and  Board  of  Managers  of  the 

Buffalo  Society  of  Natural  Sciences:     . 

•  I  have  the  honor  to  submit  to  Vi.u  the  following  report  of  my 
trip  to  Jamaica,  W.  I.,  undertaken  in  the  interests  of  your  Society. 

Leaving  Buffalo  April  2,  1906,  I  proceeded  direct  to  Philadel- 
phia. Here  I  spent  a  day  with  Dr.  W.  P.Wilson,  of  the  Philadelphia 
Museums,  and  was  entertained  bv  him  in  a  most  cordial  fashion, 
being  personally  shown  through  the  buildings,  and  obtaining  from 
him  a  detailed  descrip  ion  of  the  work  being  done  in  that  city  in 

connection    with    the    school    department.       I    also    visited    the 
A(*a(lemy  of  Natural  Sciences  of    Philadelphia,   spending  several 

delij^htfiil  hours  in  examining  their  magnificent  collections. 
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I  sailed  for  Jamaica  on  the  'Admiral  Samson'  of  the  U.  F. 
Go's  Line  on  Thursday,  April  6.  Apart  from  the  first  day,  which 
was  quite  rough,  the  weather  during  the  five  days  on  board  was 
ideal.  Port  Antonio  was  reached  on  Monday  morning,  and  im- 
mediately on  landing  I  secured  rooms  at  the  Tichfield  Hotel. 
The  first  day  was  spent  in  unpacking  and  looking  about  the  town, 
which  affords  a  multitude  of  interesting  features  to  the  tourist 

The  next  morning  was  taken  up  by  a  drive  to  Blue  Hole, 
where  we  had  our  first  experience  with  freshly  gathered  cocoanuts. 
Being  prepared  to  appreciate  this  highly  exploited  feature  of  the 
tropics,  .its  lack  of  any  particular  individuality  was  rather  dis- 
appointing. Here  is  located  one  of  the  innumerable  stations  of 
the  United  Fruit  Company,  and  we  watched  with  great  interest 
the  process  of  loadingjDananas  on  the  small  sail  boats  to  be  trans- 
ported to  Port  Antonio.  In  the  afternoon  a  drive  was  taken  to 
St.  Margaret's  Bay,  and  on  the  following  morning  Windsor  and 
Mooretown  were  visited.  Here  we  saw  and  photographed  many 
cacao  plants,  as  well  as  the  ever  present  banana  and  cocoa  palm. 
The  afternoon  being  quite  rainy,  advantage  was  taken  of  the 
opportunity  to  photograph  a  series  of  tropical  fruits  in  the  freshly 
gathered  state.  Thursday  morning  was  given  over  to  a  trip  by 
carriage  to  Annotto  Bay,  which  place  we  reached  about  three  in 
the  afternoon.  Owing  to  the  intense  heat,  and  the  very  in- 
teresting nature  of  the  place  whe-ein  we  found  ourselves,  it  was 
decided  to  remain  there  until  the  next  morning.  The  afternoon 
was  spent  in  a  study  of  the  methods  of  gathering  and  loading 
bananas,  this  being  one  of  the  principal  shipping  stations  of  the 
U.  F.  Co.  Leavin^^  Annotto  Bay  Good  Friday  Morning,  the 
drive  continued  over  the  magnificent  Blue  Mountains,  through 
plantations  of  banana,  cacao  and  cocoa  palms,  to  Castleton  Gar- 
dens. Here  lunch  was  obtained,  and  at  ihree  in  the  afternoon  the 
Constant  Spring  Hotel  was  reached.  This  Hotel  being  but  a 
short  ride  from  Kingston  by  trolley,  it  was  made  headquarters 
during  the  remainder  of  the  trip,  as  the  temperature  in  Kingston 
is  rather  trying  during  the  day. 

Saturday  morning  I  visited  Kingston  Institute,  and  was  dis- 
appointed in  not  seeinv;  Mr.  Cundall,  the  Secretary  in  charge,  for 
whom  I  left  a  card  with  my  address.  After  carefully  examining 
the  collections  in  the  Museum,  I  returned  to  the  Hotel,  and  in  the 
afternoon  a  drive  was  taken  to  Hope  (xardens,  where  I  added 
several  negatives  to  iny  series  of  pictures  on  the  tropical  fruits 
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and  products.     Particularly  was  I  pleased  to  secure  views  of  grow- 
ing vanilla  and  sugar  cane. 

Easter  Sunday  was  devoted  to  a  drive  to  Spanish  Town  and 
Bog  Walk.  The  day  was  cloudy,  anH  apart  from  a  considerable 
series  of  banana  pictures,  nothing  of  particular  value  was*  secured. 

Monday  was  rainy,  and  we  were  quite  .satisfied  to  rest  through- 
out the  d^,  remaining  quietly  at  the  Hotel.  The  next  morning 
a  trip  to  the  Mona  Sugar  Estate  yielded  a  splendid  series  of  pho- 
tographs of  cane,  and  other  features  connected  with  the  production 
of  sugar  and  rum.  Returning  to  Kingston,  we  went  to  the  wharf 
to  see  ojBE  some  of  the  party,  and  then  i  went  to  the  Institute  and 
arranged  to  lecture  there  on  the  following  Saturday  evening. 

The  next  morning,  after  a  ve?  y  early  breakfast,  we  took  the 
train  to  Marideville.  Alighting  at  Williamsfield,  a  three  mile 
drive  brought  us  to  the  Hotel,  in  a  most  picturesque  location. 
Mandeville  lies  in  the  centre  of  the  coffee  and  orange  district. 
We  had  no  more  than  finished  our  dinner  when  we  were  assailed 
by  a  most  terrific  hail  storm.  It  was  a  most  amusing  sight  to  see 
the  natives  scrambling  around  gathering  the  little  lumps  of  ice, 
and  I  was  assured  by  the  propietor  of  the  hotel  that  they  had 
never  seen  any  ice  before  that  was  not  manufactured.  At  any 
rate,  they  watched  the  little  masses  melt  in  their  fingers  with  the 
most  intense  interest.  The  rain  continued  until  dark,  when  the 
stars  came  out  in  great  brilliancy. 

Thursday  morning,  after  a  five  mile  drive  through  a  country 
which  seemed  to  produce  oranges  by  the  ton,  we  reached  the 
Brokenhurst  Coffee  estate,  where  we  were  met  by  the  overseer 
and  conducted  through  the  mills.  I  s- cured  a  fine  series  of  coffee 
pictures,  but  the  season  being  past  was  unable  to  get  as  fine  a  col- 
lection of  pictures  of  the  berry  as  I  would  have  liked.  Imme- 
diately on  reachinjj^  the  Hotel,  the  rain  began,  and  continued  till 
dark,  as  on  the  llrst  day. 

Bel  re- tiro,  an  estate  given  over  largely  to  the  production  of 
pimento,  was  visited  the  next  morning.  The  estate  is  up  on  the 
mountains,  and  the  view  from  the  verandah  of  the  house  is  unsur- 
passed on  the  Island.  Owin;^-  to  the  almost  continual  rain,  all  the 
plates  that  I  had  with  me  at  this  place  Ix'came  damj),  and  my  pic- 
tures taken  here  were  not  satisfactory  The  afternoon  rain  came 
on  promptly  according  Xi)  schedule,   and  lasted  till  dark,  as  usual. 

The  next  niorninj^  we  arose  at  4.30,  and  after  a  most  delight- 
ful drive  over  the  mist  covered  mountains,   arrived  at  Williams- 
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field  in  time  for  the  early  train.  Kingston  was  reached  without 
incident,  and  in  the  afternoon  I  visited  the  institute  and  made 
final  arrangements  for  my  lecture  in  the  evening.  Owing  to  a 
rather  exaggerated  participation  in  oranges  at  Mandeville  I  was 
feeling  rather  *seedy\  as  the  hotel  clerk  expressed  it,  but  was  able 
to  hold  up  till  my  le  *ture  was  over,  and  then  promptly  collapsed 
on  reaching  the  hotel.  I  remained  in  bed  the  following  day,  Sun- 
day, and  on  Monday  devoted  what  little  energy  I  had  left  to  pack- 
ing up  my  property. 

The  boat  left  Kingston  at  i  P.  M.  on  the  following  day. 
After  stopping  at  Morant  Bay,  where  to  my  regret  I  found  it  too 
late  in  the  day  to  secure  good  pictures  of  the  bananas  being  taken 
aboard,  we  cleared  for  Boston  at  one  9'clock  in  the  morning,  all 
hands  aboard.  Two  d  lys  on  the  water  completely  dissipated  my 
in4isposition,  and  Boston  was  safely  reached  at  twelve  o'clock  on 
the  following  Sunday  night. 

We  landed  at  seven  o'clock  on  Monday  morning,  and  after 
spending  two  days  in  visiting:  the  innumerable  points  of  interest 
about  the  city  returned  to  Buffalo. 

On  unpacking  my  trunks  at  the  hotel  I  found  that  owing  to 
somebody's  carelessness  my  trunk  had  been  standing  in  several 
inches  of  water  for  some  days,  and  as  a  result  a  quantity  of  speci- 
mens of  tropical  fruits,  etc.,  that  I  was  bringing  to  the  Museum 
were  mouldy.  However  I  succeeded  in  getting  safely  here  speci- 
mens of  cocoa,  cane,  cocoanut,  tobacco,  ginger  and  others  of 
interest. 

My  pictures,  however,  with  one  or  two  exceptions,  were  good. 
I  secured  in  all  something  over  four  hundred  negatives,  most  of 
which  have  been  made  up  into  slides  and  added  to  our  collection. 


Antoni^  the  sliih'S  may  be  mentioned  tJie  following: 

A  series  of  twenty  on  banana  culture  and  shipping. 

A  series  of  thirty  t\v(;  on  native  fruUs.   .showing  plant,   form  and 
structure  ot"  the  fruit. 

A  series  on  su;4"ar,  sluAvin^;  canes,  wagons  used  in  hauling'-,  crush 
ing  mill,  h.')llin,i;  luiusr,  etc. 
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A  series  on  coffee,  showing  the  plant,  blossom,  berry  and  appara- 
tus used  in  curing. 

A   series  on   cacao,    showing   tree,    pod,   sectioned  pods,   native 
methods  of  preparatiiin,  etc. 

ies  on  the  cocoa  palm,  showing  tree,  nuts  and  leaves. 

ies  on  tropical  scenerj'  and  vegetation. 

showing  native  customs  and  habits. 

Verj-  resjiect fully  submitted, 

Carlos  C.  Cummtttds,  Ob.  S)., 

Secretary. 


Appendix  C 


To  the  President, 

and  Board  of  Managers  of  the 

Buffalo  Society  of  Natural  Sciences. 
Gentlemen  : 

I  respectfully  submit  to  you  the  folio  win  j?  report  of  the  trip 
taken  by  me  to  the  copper  country  of  Lake  Superior.  I  left  Buffalo 
on  the  steamship  Juniata,  Sunday,  June  17th,  1906.  The  trip 
up  the  lakes  was  not  particularly  pleasant  owingf  to  the  fact  that 
the  first  four  days  were  marred  by  nearly  continuous  rain.  I  was 
therefore,  unable  to  procure  very  many  photographs  of  the  boats 
and  ore  docks  which  I  especially  desired  to  use  in  illustrating  the 
shipping  and  handling  of  the  ore.  I 'left  the  boat  at  Houghton, 
Michigan.  I  had  the  pleasure  of  meeting  Dr.  Koenig  of  Phila- 
delphia who  occupies  a  position  as  Professor  of  Chemistry  in  the 
Michigan  School  of  Mines  at  that  place.  I  spent  a  very  pleasant 
evening  with  him  discussing  the  geology  and  conditions  of  the 
mines  and  obtained  much  valuable  information. 

The  following  day  I  visited  Isle  Royal  mine  in  the  morning 
and  by  presenting  the  letter  of  introduction  which  you  very  kindly 
furnished  me  before  starting,  I  secured  the  attention  and  courtesy 
of  the  foreman  of  the  shaft  who  very  kindly  allowed  me  to  select 
such  specimens  as  I  desired  and  who  gave  me  several  interesting 
pieces  which  he  had  gathered  for  his  own  use.  I  brought  back 
fr  >m  this  shaft  some  pieces  of  the  Amygbaloid  and  Epidote  and  a 
very  fine  mass  of  Metallic  copper  with  other  specimens  illustrating 
the  nature  of  the  ore  produced  at  this  time.  Owing  to  the  con- 
tinual rain  of  this  day  I  was  unable  to  procure  photographs  of  the 
shaft  or  machinery.  In  the  afternoon,  the  weather  having  cleared, 
I  visited  the  stamp  mine  of  the  same  company  and  met  with  every 
courtesy,  being  shown  through  the  different  buildings  and  having 
the  process  thoroughly  explained  to  me.  I  secured  here  specimens 
of  the  concentrates  and  some  very  fine  samples  showing  metallic 
copper  and  metallic  silver  in  the  same  piece.  I  secured  photo- 
graphs at  this  time  illustrating  the  appearance  of  the  buildings, 
the  cars  in  which  the  ore  is  carried,  and  the  disposal  of  the  sand 
from  which  the  copper  has  been  extracted. 
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The  following  day  I  had  the  pleasure  of  accompanying  Dr. 
Koenig  to  the  Calumet  properties  where  we  visited  the  shafts  and 
buildings  of  the  Red  Jacket  and  Tamarack  No.  4.  We  procured 
here  specimens  of  the  cement  copper  and  conglomerate  or  pudding 
stone  deposits  which  illustrate  quite  satisfactorily  the  form  of  the 
metal  produced  here.  A  very  pretty  specimen  of  Azurite  and 
Malachite  was  secured  at  the  Red  Jacket  mine.  A  careful  study 
was  made  of  the  machinery  used  in  raising  and  crushing  the  ore 
and  the  methods  employed  in  its  preparation.  Owing  to  the  rain 
a  visit  arranged  to  the  smelting  works  on  the  following  morning 
had  to  be  abandoned. 

On  the  return  trip,  the  weather  being  more  favorable,  pictures 
were  secured  of  the  locks  at  the  Sault  and  of  the  ore  boats. 

This  region  offers  many  very  interesting  features  and  it  is  to 
be  regretted  that  the  limited  time  at  my  disposal  prevented  me 
from  making  a  more  complete  and  satisfactory  study. 

Very  respectfully  submitted, 

Carlos  £•  Cummtngd,  Ob.  S)m 

Secretary. 


Appendix  D 

Series  of  slides  used  in  the  Lectures. 


SBRIB 

S          TOPIC                                                                          1 

J^UMBER 

I 

Jamaica,  W.  I. 

Tropical  fruits,  customs,  geography,  etc. 

206 

II 

Bees  and  Insects 

50 

III 

Birds  and  their  homes 

55 

IV 

Series  on  Indian  Mounds        .... 

28 

V 

Winter  Ice  Fishing  on  Lake  Erie 

50 

VI 

Views  on  Great  Lakes             .... 

31 

VII 

Nature  Study 

25 

VIII 

Darkest  Africa  (Studies  at  Pan.  Am.  Exposition) 

67 

IX 

Buffalo  and  Vicinity 

22 

Duplicates  and  miscellaneous 

63 
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Notes  on  Jamaican  Hemiptera: 


A  REPORT  ON  A  COLLECTION  OF   HEMIPTERA  MADE  ON  THE 
ISLAND  OP  JAMAICA  IN  THE  SPRING  OP  1906 

By  E.  P.  Van  Du»ek 
Buffalo.  N.  Y. 


In  the  gpring-  of  1906  it  was  my  privilege  to  spend  a  few 
weeks  collecting  Hemiptera  on  the  Island  of  Jamaica.  I  sailed 
from  New  Vork  March  17th,  arriving  at  Kingston  on  the  morn- 
ing of  March  13d;  returning  1  left  Jamaica  on  April  19th. 
This  gave  me  nearly  four  weeks  on  the  island,  but  annoying 
rains  on  several  days  and  three  days  of  illness  reduced  some- 
what my  time  available  for  field  work.  I  was  there  at  the  close 
of  the  dry  season  when  insect  collecting  was  probably  the 
poorest.  The  conditions  there  I  found  somewhat  unfavorable 
when  compared  with  those  I  was  used  to  in  the  various  portions 
of  the  United  States  where  I  have  collected.  The  cost  of  living 
was  high  and  the  accomodations  and  food,  except  at  Kingston, 
Mandeville  and  Port  Antonio,  were  very  poor,  The  heat  also 
was  a  hinderance  to  my  work,  especially  at  Kingston,  Balaclava 
and  Montego  Bay.  At  these  warmer  stations  I  generally  had 
to  be  in  out  of  the  auo  by  nine  o'clock,  which  was  soon  after  the 
dew  was  off  the  vegetation,  and  could  rarely  start  out  again 
before  three  or  four  in  the  afternoon.  In  the  short  tropical 
days  that  left  but  little  time  for  actual  work  in  the  field.  At 
the  higher  altitude  of  Mandevilie  and  on  the  northern  side  of 
the  island  the  heat  was  less  troublesome  but  there  the  rains 
wonld  frequently  begin  by  ten  or  eleven  in  the  morning  and 
practically  put  a  stop  to  work  for  the  day.  Under  these  con- 
p  I  thmk  the  results  of  my  work  as  given  in  the  following 
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pages  is  on  the  whole  satisfactory.  The  very  large  proportion 
of  new  species,  more  than  one  third  of  all  those  taken,  shows 
how  much  need  there  is  of  thorough  systematic  collecting  on 
this  island,  and  the  same  is  probably  true  of  many  of  the  other 
West  Indian  islands. 

The  localities  and  dates  where  most  of  my  work  was  done 
are  as  follows : 

Rock  Fort,  just  east  of  Kingston.  Here  I  collected  along 
the  shore  road  from  the  terminus  of  the  trolley  line  for  about 
three  miles  toward  Morant  Bay.  The  collecting  was  excellent 
after  passing  the  old  fort. 

Kingston,  March  26th.  I  left  the  trolley  at  a  cross  road 
about  a  mile  south  of  the  Constant  Spring  Hotel  and  worked 
toward  the  hills  along  the  roadside  and  on  adjacent  fields. 
Collecting  poor. 

Kingston,  March  27th.  At  Hope  Gardens.  Here  I  found 
good  collecting  along  the  lane  leading  from  Papine  to  the  Gar- 
den office  and  back  of  the  office  buildings. 

Mandeville,  March  29th  to  April  4th.  I  stopped  at  the 
Newleigh  House  and  worked  in  the  fields  and  on  the  hillsides 
in  the  neighborhood,  where  the  collecting  was  the  best  I  found 
on  the  island. 

Balaclava,  April  4th  to  6th.  Stopped  at  Malvern  Hill  and 
worked  in  the  near-by  fields  and  roadsides  and  along  the  rail- 
road track  for  about  a  mile  east  of  the  town. 

Montego  Bay,  April  7th  and  8th.  Here  I  worked  along 
the  shore  toward  the  **Doctor's  Cave",  up  a  dry  ravine  behind 
the  village,  and  along  the  road  running  up  the  hill  to  Paradise 
Pen.      It  was  too  dry  and  hot  for  good  results  here. 

Appleton,  April  9th.  Collected  east  along  the  railway  and 
on  a  cross  road  to  the  Shiloa  River  with  good  results. 

Port  Antonio,  April  12th.  Here  the  land  was  under  com- 
plete cultivation  and  there  were  no  good  opportunities  for  col- 
lecting within  walking  distance  of  the  Hotel. 

St.  Margaret's  Bay,  April  12th.  Collected  along  the  Rio 
Grande  River  just  east  of  the  village  in  the  afternoon  with 
satisfactory  results. 

Hope  Bay,  April  13th.  Worked  near  the  river  and  along 
the  road  east  of  the  village.     Collecting  poor. 

Richmond,  April  14th  and  15th.  Worked  on  the  Alexander 
estate  and  along  the  road  north  of  the  town  and  for  about  a 
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mile  south  of  the  railway  station  at  Troja,  the  next  station 
south  of  Richmond.  The  collecting  was  good  at  Richmond  but 
poor  at  Troja. 

Kingston,  April  17th.  In  company  with  Mr.  P.  W.  Jarvis 
I  worked  along  the  railroad  track  for  about  a  mile  west  of  the 
station  and  south  to  the  shore  with  good  results. 

An  examination  of  the  species  here  listed  will  show  a  close 
parallelism  with  those  recorded  from  the  islands  of  Grenada  and 
St.  Vincent  by  Dr.  Uhler.  While  each  of  these  islands  has  its 
peculiar  forms  there  are  many  species  that  seem  to  be  common 
to  all  the  larger  islands  and  the  coasts  adjacent  to  the  Caribbean 
Sea.  Most  of  these  widely  distributed  species  spread  north- 
ward only  to  Florida  or  at  most  along  the  Gulf  coast  to  Texas 
and  Mexico.  A  few  however  are  found  as  far  north  as  Canada. 
The  material  taken  by  me  was  too  fragmentary  a  representation 
of  the  Hemipterous  fauna  of  Jamaica  to  allow  of  any  discussion 
of  the  geographical  distribution  of  the  genera  and  species  or  of 
a  comparison  of  this  fauna  with  that  of  the  neighbouring  islands 
or  of  the  adjacent  mainland. 

I  wish  to  express  here  my  indebtedness  to  Dr.  O.  M.  Reuter 
for  his  kindness  in  working  up  the  difficult  but  interesting  Cap- 
sids  taken  by  me,  and  to  Prof.  E.  D.  Ball  for  his  very  valuable 
assistance  in  the  verification  and  determination  of  the  Ho- 
moptera. 

In  the  following  pages  I  have  recorded  .??./  species  as 
having  been  taken  by  me  on  this  trip.  Of  these  8j  species  or 
varieties  are  new  to  science  and  among  the  latter  are  represent- 
atives of  9  new  genera.  An  index  to  these  new  genera  and 
species  will  be  added  at  the  end  of  the  list. 

Family  Thyreocoridse 

Thyreocoris  minutus  Uhler. 

Abundant  at  Mandeville  on  the  hillsides  back  of  the  New- 
leigh  House  where  I  swept  it  from  low  weeds.  1  also  took  it  at 
St.  Margaret's  Bay  and  in  other  parts  of  the  island.  Dr.  Uhler 
described  it  from  Cuban  material  and  Prof.  E.  D.  Ball  has  sent 
me  specimens  taken  in  Playti.  Aside  from  its  small  size  it  may 
be  distinguished  by  its  dull  black  color,  closely  punctured  sur- 
face, transversely  rugose  pronotum  and  scutellum,  prominent 
humeri  and  yellow  elytra.     The  largest  specimens  I  have  seen 
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are  rather  smaller  than  the  smallest  tibialis  and  pulicaria.      I 
have  followed  Dr.  Oshanin  in  nsing  this  generic  name  in  place 
of  Corimehena 
Thyreocoris  cognatus  n.  sp. 

Very  near  pulkaria  from  which  it  may  beat  be  distinguished  by  a 
comparative  description.  A  little  smaller  and  somewhat  more  elongated, 
punctures  coarser  and  deeper  over  the  whole  surface.  Head  distinctly 
longer  and  more  narrowed  Hatenorlj.  On  the  pronotun  the  CHllousities  are 
more  conspicuous  as  smooth  slightly  elevated  surfaces  an<l  there  is  a  slight 
trace  of  a  longitudinal  median  line  ;  the  carinate  lateral  edge  is  continued 
around  beneath  the  feebly  elevated  humeri,  not  conspicuously  interrupted 
beneath  the  prominent  giblious  humeri  as  in  puluaria.  The  antenna  are 
more  sleuder  and  with  the  tibi^E  snd  tarsi  are  pater;  the  pale  margin  of  the 
corium  is  more  distinctly  punctate;  tbe  posterior  margin  of  the  scutellutn 
is  pele  in  all  the  specimens  before  me,  and  the  margin  of  the  coDnexiTnln 
posteriorly  is  marked  vrith  about  tliree  pale  points  in  place  of  tbe  pale  Hue 
{aometiuies  broken]  found  in  pulicaria.  The  genital  segment  of  the  male  is 
a  little  longer  aud  narrower  with  the  sides  more  oblique  than  in  piificttria. 

Described  from  numerous  specimens  taken  at  Rock  Fort 
near  Kingston.  From  tibialis  this  species  differs  in  being  pro- 
portionately longer  and  narrower,  with  a  longer  head  and  more 
closely  puncttired  surface.  The  corium  is  pale  with  no  indi- 
cation of  a  black  costal  streak. 
Tbyreocoris  basalis  Germar. 

Of  this  well  marked  species  I  took  several  examples  St 
B;ilai.-l;i\;i,  and  fiuiiid  ilifin  not  nncomtnon  on  weeds  along  the 
roadside  at  Richmond. 

Family  Scutelleridae 

Diokus  irroratus  Fabr. 

I  took  large  numbers  of  this  insect  at  Rock  Fort  on  a  coarse 
almost  shrubby  weed  that  has  much  the  appearance  of  a  Cheno- 
podiiim,  in  the  spiny  angular  bracts  of  which  these  insects  were 
well  concealed.  I  also  took  it  near  the  Constant  Spring  Hotel, 
and  at  Mandeville  and  JJontego  Bay.  In  this  species  as  in  our 
northern  Enryi^astfr  alternatus  the  males  were  very  uniformly 
punctured  or  obscurely  mottled  while  the  females  were  strongly 
marked.  Prof.  Ball  has  sent  me  a  fine  series  of  this  insect 
taken  on  Hayti  where  it  seems  to  be  as  abundant  as  in  Jamaica. 
Homoemus  proteus  Stal. 

I  took  single  examples  of  this  .species  near  the  Constant 
Spring  Hotel,  at  Balaclava,  Montego  Bay  and  Richmond. 
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Family  Pentatomids 

Mormidea  pictiventris  Stal 

Not  uncommon  at  many  places  on  the  island.  I  took  them 
at  Mandeville,  and  in  abundance  at  Balaclava.  Most  of  these 
were  deeply  colored.  Specimens  in  my  collection  from  Co- 
lumbia and  Mexico  are  much  paler. 

Mormidea  sordidula  Stal. 

I  swept  two  examples  of  this  from  weeds  along  a  roadside 
just  north  of  Richmond  on  April  15th.  In  my  collection  is  an 
example  taken  at  Linares,  Mexico  by  Prof.  Gillette  in  July 
1899.  A  similarly  colored  species  from  Trinidad,  W.  I. ,  I  have 
determined  as  scutellata  Westw.  It  may  be  distinguished  from 
the  present  by  the  pale  venter  and  narrow  pale  calloused  mar- 
gins of  the  scutellum. 

Oebalus  pug^nax  Fabr. 

One  example  swept  from  herbage  by  the  roadside  at  Rich- 
mond. 

Euschistus  crenator  Fabr. 

Not  uncommon  in  many  places.  I  took  it  at  Rock  Fort 
near  Kingston,  Balaclava  and  Montego  Bay.  In  each  locality 
they  were  taken  singly  from  bushes  and  coarse  weeds. 

In  this  species  as  I  distinguish  it  the  subacute  humeri  are 
directed  slightly  backward.  In  all  my  Jamaican  and  Mexican 
specimens  the  humeri  arc  decidedly  broader  with  their  anterior 
margins  convexly  rounded.  Those  from  the  Island  of  Trinidad 
and  Hayti  have  the  humeri  more  acute  and  less  recurved. 

Euschistus  bifibulus  P.  B. 

This  was  a  much  more  abundant  species  than  the  preceding 
all  over  the  island  but  it  was  more  common  in  the  more  humid 
and  cooler  localities  while  crenator  affected  the  hotter  and 
dryer  parts  of  the  island.  In  this  species  the  humeri  are  pro- 
duced in  black  acute  horns  which  are  directed  distinctly  for- 
ward. There  is  an  obvious  paler  vitta  connecting  the  humeri 
which  is  dislocated  about  an  angular  blackish  mark  on  the 
median  line,  and  the  genital  segment  of  the  male  is  short  with 
its  apical  margin  broadly  and  deeply  excavated.  In  crenator 
this  segment  is  longer,  narrowed  posteriorly,  with  the  apex 
feebly  notched.      I  have  received  one  specimen,   apparently  of 
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this  species,  from  Mr.  Underwood  that  was  taken  in  Costa 
Rica.  It  differs  from  the  Jamaican  specimens  in  having  the 
humeri  more  obtuse  but  still  directed  slightly  forward,  and  the 
latero- anterior  margins  are  more  strongly  denticulated. 

Euschistus  ursus  n.  sp. 

Allied  to  rugifer  Stal  and  pertaining  to  that  section  of  the  genus  as 
arranged  in  the  Enumeration  Size  and  form  of  bifibulus  nearly.  Greyish 
testaceous  ;  above  coarsely  punctured  with  black  or  dark  brown,  these 
punctures  gathered  into  blackish  areas  on  the  pronotum  and  leaving  a 
smooth  bisinuated  pale  vitta  between  the  humeri,  produced  at  the  middle 
in  an  abbreviated  longitudinal  vitta ;  base  of  the  scutellum  with  three  in- 
definite smooth  pale  spots.  Elytra  dotted  with  black,  each  dot  covering 
from  three  to  eight  punctures.  Antennae  and  legs  pale,  the  latter  faintly 
dotted  with  brown.  Beneath  paler,  obscurely  maculated  with  a  darker 
shade;  median  line  and  tip  of  the  rostrum,  a  dot  above  the  insertion  of  each 
leg,  another  on  the  anterior  angle  of  the  propleura  behind  the  eye,  and  a 
spot  at  each  incisure  on  the  margin  of  the  venter,  black. 

Head  rather  long,  rounded  before;  cheeks  and  tylus  of  equal  leng;th, 
the  latter  quite  regularly  punctured  with  black  Vntenn^  unicoloroos 
impunctate;  first  joint  scarcely  attaining  the  .w  of  the  head,  second  dis- 
tinctly shorter  than  the  third.  Humeral  anglt .  of  the  prOnotum  prominent, 
rounded  before,  subangular  behind  ;  latero-rnterior  margins  .-quite  strongly 
arcuated,  blackened  by  the  seggregated  punctures,  strongly  crenulated  with 
pale.  Membrane  obscured,  impunctate,  nervures  irregularly  bent  but 
scarcely  anastomosing.  Connexivum  closely  punctured,  the  edge  blackish 
with  a  round  pale  spot  at  the  middle  of  each  segment  and  an  obscure  line 
on  the  incisure.  Rostrum  attaining  the  posterior  margin  of  the  metaster- 
num.  Genital  segment  of  the  male  rounded  behind,  feebly  concave  at  apex. 
Length  lo  mm. 

Described  from  one  pair  taken  at  Rock  Fort  near  Kingston 
and  two  males  from  Port  au  Prince,  Hayti,  received  from 
Prof.  Ball.  This  species  has  the  size  and  form,  nearly,  of 
specimens  of  biformis  Stal  with  rounded  humeri,  but  in  most  of 
its  characters  it  is  much  nearer  to  rugifer  Stal.  In  the  Hay- 
tian  examples  the  dotting-  of  the  elytra  is  almost  obsolete  and 
the  pale  calloused  vitta  of  the  pronotum  is  sometimes  incon- 
spicuous. I  have  no  doubt  but  this  insect  is  the  same  as  that 
figured  by  Palisot  de  Beauvois  as  the  female  of  his  Pentatoma 
obscura  on  plate  lo,  figure  9  and  described  on  page  149  of  his 
work.  His  male  obscura  however  is  the  same  as  crenator 
Fabr.  and  I  do  not  see  how  we  can  restrict  the  name  obscura 
to  the  female  of  his  species  :  I  have  therefore  thought  it  best 
to  rename  the  species. 
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Thyanta  perditor  Fabr. 

Abundant  everywhere  on  the  island  especially  in  the  dryer 
localities  about  Kingston  and  at  Mandeville  and  Balaclava.  In 
my  collection  are  specimens  from  Hayti,  Mexico,  Columbia  and 
Peru.  This  species  seems  to  be  more  constant  in  coloration 
than  custator.  All  the  examples  before  me  have  the  prqpotal 
band  distinct,  anterior  to  which  are  two  round  black  points,  and 
the  edge  of  the  abdomen  is  fulvous  with  a  black  point  at  each 
incisure.  The  base  of  the  head  between  the  ocelli  and  a 
median  line  on  the  tylus  are  rufous;  there  are  generally  a  few 
brown  points  near  the  base  of  the  membrane.  The  pronotal 
angles  in  all  my  specimens  are  acute  and  distinctly  inclined 
forward. 

Thyanta  antiguensis  Westw. 

I  swept  five  examples  of  this  species  from  a  low  whitish 
succulent  weed,  apparently  allied  to  CJienopodmm,  growing  in 
masses  along  the  roadside  to  Rock  Fort.  These  agree  in  every 
particular  with  th'l  .^^  '■^prrdl  from  Hayti  described  in  my  List  of 
the  Pentatonjidfle  of  >f oi  ^i  America. 

IwQxa  flavicollis  Drury. 

I  took  numbers  of  this  large  Pentatomid  on  the  dry  hot 
hillsides  above  the  Rock  Fort  quaries.  Most  of  these  were 
beaten  from  Acacia  bushes,  March  25th.  On  April  17th  I 
found  the  larvae  with  the  adults  near  Hope  Gardens. 

Loxa  pallida  n.  sp. 

Closely  allied  \.o  flavicollis  but  smaller  and  narrower  with  the  ground 
color  a  paler  yellowish  green,  that  may  in  part  be  due  to  immaturity.  Trans- 
verse rugse  on  the  vertex  and  cheeks  much  less  distinct,  these  surfaces  much 
more  strongly  punctured  with  rufous;  calloused  outer  margins  of  the  cheeks 
before  the  eyes  rectilinear  or  very  feebly  concavely  arcuated,  not  distinctly 
bowed  outward  as  \n  flavicollis,  with  their  apex  a  little  more  slender  and 
acute  before  the  tylus.  Surface  of  the  pronotum,  scutellum  and  elytra  very 
uniformly  and  closely  covered  with  rufous  punctures  arranged  in  anasto- 
mosing transverse  lines,  between  which  are  a  few  pale  calloused  points.  In 
flavicollis  the  punctured  lines  are  farther  apart  with  the  intervening  surface 
minutely  shagreened  and  irregularly  blotched  with  pale,  as  is  also  the  apex 
of  the  scutellum  and  the  disk  of  the  corium.  Humeral  spines  proportion- 
ately a  little  more  slender  than  in  flavicollis^  and  the  abdomen  narrower; 
the  connexivum  scarcely  projecting  beyond  the  elytra,  pale,  punctured  with 
rufous  inwardly  as  in  that  species.  Lower  surface  a  little  more  closely 
punctured  with  rufous;  the  apical  spines  on  the  outer  genital  plates  of  the 
female  more  abrupt  and  slender.    Antennae  and  legs  pale  with  no  indications 
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of  dark  punctures  or  markings  except  that  the  extreme  tips  of  the  tarsal 
claws  are  black.  The  second  antennal  joint  is  equal  to  the  third,  not  dis- 
tinctly longer  as  is  generally  the  case  in  flavicollis.  The  rufous  punctures 
form  a  tolerably  distinct  submarginal  vitta  about  the  head,  pronotum  and 
elytra  as  in  the  allied  species.     Length  19  mm.     . 

Described  from  one  female  example  taken  with  flavicollis 
at  Rkck  Fort  near  Kingston.  It  is  sufficiently  distinct  from 
that  species  as  the  above  comparative  description  will  indicate 
but  it  certainly  is  very  close  to  haematica  H.  S.  and  may  prove 
to  be  a  pale  form  of  that  species.  The  diCEerence  in  the  color 
markings  and  habitat  however  seem  to  me  to  warrant  its  de- 
scription as  a  distinct  species. 

Nezara  viridula  Linn. 

I  took  a  single  example  of  this  insect  by  the  roadside  near 
Hope  Gardens  at  Kingston  on  April  17th.  Later  in  the  season 
it  probably  is  not  uncommon  on  this  island  as  it  is  abundant  on 
Hayti. 

Nezara  marginata  P.  B. 

Abundant  everywhere  on  bushes  especially  on  the  dry  hot 
fields  about  Kingston.  They  fairly  swarmed  on  weeds  and  low 
bushes  along  the  river  bank  a  little  south  of  Hope  Bay.  In  my 
collection  are  specimens  from  Peru,  Bolivia,  Venezuela,  Costa 
Rica,  Mexico,  Hayti  and  the  southern  United  States. 

Piezodorus  guildingi  Westw. 

I  swept  numbers  of  this  insect  from  rank  weeds  along"  the 
roadside  at  Troja  and  Richmond,  and  also  took  them  at  Hope 
Gardens  and  near  the  Constant  Spring  Hotel  at  Kingston.  All 
of  my  specimens  have  the  base  of  the  pronotum  blackish  bor- 
dered before  by  a  pale  calloused  band.  In  none  is  the  rufous 
band  more  than  indicated.  This  band  is  beautifully  developed 
in  some  examples  kindly  given  me  by  Prof.  E.  B.  Wilson  which 
he  took  at  Savannah,  Ga. 

Edessa  meditabunda  Fabr. 

Swept  from  rank  marsh  plants  growing  along  the  railway 
tracks  at  Appleton.  The  larva"  were  taken  with  the  adults. 
This  species  seems  to  Ije  widely  distributed  in  tropical  America. 
I  have  specimens  from  British  Guiana,  from  the  La  Plata  Coun- 
try, and  from  Rio  Grand  de  Sul  and  Victoria,  Brazil.  Distant 
places  rugulosa  Uhler  as  a  synonym  of  this  species  in  which  I 
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believe  he  is  correct,  judging  from  a  typical  female  from  the 
island  of  St.  Vincent  kindly  sent  me  by  Dr.  Uhler. 

Edessa  chelonia  n.  sp. 

Allied  to  meditabunda  but  larger  and  more  ovate  and  depressed  in 
form.  Deep  grass  green  ;  clavus  and  inner  field  of  the  corium  chestnut 
brown  varied  with  pale  punctures.  Three  lines  of  these  punctures  follow 
the  claval  suture,  from  the  outermost  of  which  a  few  transverse  abbreviated 
lines  of  punctures  radiate  into  the  brown  discal  area;  against  the  outer  bor- 
der of  this  brown  area  lies  an  indefinite  cloud  of  the  pale  punctures.  Mem- 
brane fuscous.  Outer  edge  of  the  head  and  pronotum  slenderly  bordered 
with  pide  yellow.  Tergum  dark  blue-green.  Antennaj  pale  becoming  a 
little  dusky  toward  the  apex;  the  basal  two  joints  dotted  with  brown.  Legs 
pale  dotted  with  brown;  the  dots  nearly  obsolete  on  the  posterior  pair. 
Lower  surface  pale  green;  the  minute  hind  angles  of  the  abdominal  seg- 
ments and  an  annulus  about  the  pale  stigmata  blackish -green.  Rostrum 
pallid  with  the  extreme  tip  black. 

Head,  pronotum,  scutellum  and  outer  field  of  the  elytra  closely  and 
finely  punctured  between  fine  irregular  ruga?;  inner  portion  of  the  elytra 
more  irregularly  punctured.  Apex  of  the  scutellum  a  little  wider  and  more 
obtuse  than  in  inedttabufida.  Lower  surface  more  coarsely  and  rugosely 
punctured,  nearly  smooth  along  the  middle  line;  ventral  spine  broad  and 
flat,  obtusely  angled  at  apex.  INIetasternal  plate  broad,  lateral  angles  small 
and  abrupt,  posterior  margin  broadly  excavated  for  tbe  reception  of  the  ven- 
tral spine.  Disk  of  the  genital  segment  of  the  male  piceous  black,  its  apical 
margin  sinuated  either  side  of  the  broad  shallow  median  sinus,  outer  angles 
obtusely  prominent.     Length  to  tip  of  the  membrane  14  mm. 

Described  from  ten  examples,  representing^  both  sexes, 
taken  with  numerous  young  from  small  trees  growing  in  the 
fields  along  the  railway  a  little  west  of  the  station  at  Kingston, 
April  17th.  In  Stal's  synopsis  in  the  Enumeratio  this  species 
would  fall  in  the  section  with  Dicditabunda,  but  the  depressed 
and  much  broader  and  more  ovate  form  and  the  finer  and  closer 
punctures  will  at  once  distinguish  it;  the  brown  on  the  elytra  is 
also  confined  to  the  inner  field  and  the  vender  wants  the  black 
incisures  and  stigmatal  lines.  I  have  been  unable  to  identify 
this  with  any  of  the  described  species  in  this  large  genus  known 
to  me. 

Family  Coreidse 

Chariesterus  gracilicornis  Stal. 

I  captured  one  pair  of  this  species  while  beating  weeds 
along  the  railway  track  at  Troja,  April  14th,  and  three  exam- 
ples at  Hope  Gardens  near  Kingston.  The  latter  have  the 
plates  on  the  third  antennal  joint  a  little  wider  than  do  those 
from  Troja  but  I  cannot  see  that  they  differ  otherwise.     In  one 
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of  the  Trojan  examples  the  third  joint  of  th^  left  antenna  is 
wanting,  the  second  joint  is  much  longer  and  thicker  than  on 
the  right  side  while  the  first  and  fourth  joints  are  normal 
Most  of  my  specimens  show  a  blackish  vitta  on  either  side  be- 
fore the  ocelli,  and  in  two  females  there  are  two  broad  black 
approximate  longitudinal  vittse  on  the  base  of  the  pronotum. 
In  all  my  specimens  the  incisures  of  the  connexivum  are  faintly 
blackish. 

Catorhintha  guttula  Pabr. 

Not  uncommon  on  low  weeds  at  Rock  Fort  and  Hope  Gar- 
dens near  King^ston  the  last  of  March  and  along  the  railway 
tracks  west  of  the  Kingston  station  on  April  17  th.  Most  of 
these  specimens  have  the  connexivum  immaculate  as  in  selector 
but  in  a  few  it  is  more  or  less  maculated  as  is  the  case  in  speci- 
mens from  Texas  and  Mexico  in  my  collection. 

Zicca  tasniola  Dallas. 

Common.  I  have  records  of  Mandeville,  Balaclava,  and 
Kingston  where  I  found  them  in  numbers  on  rank  weeds  about 
a  brush  pile  at  Hope  Gardens.  These  average  a  little  darker 
in  color  than  a  series  I  have  from  the  island  of  Trinidad. 

Chondrocera  laticornis  Lep. 

This  and  the  two  following  species  were  not  taken  by  me 
but  were  kindly  given  me  by  my  friend  the  late  Albert  Reinecke 
of  Buffalo,  an  enthusiastic  sportsman  and  student  of  birds,  who 
visited  Jamaica  in  1903  and  brought  these  back  to  me  among 
other  interesting  insects  and  some  land  shells  he  gathered  while 
on  the  island. 

Sephina  maculata  Dallas. 

Brought  home  from  Jamaica  by  Mr.  Albert  Reinecke. 

Anasa  scorbutica  Fabr. 

Also  taken  by  Mr.  Reinecke  in  Jamaica  with  the  preceding 
species. 

Leptocorisa  filiformis  Fabr. 

One  example  was  taken  at  Hope  Gardens  near  Kingston 
and  another  at  Appleton  on  April  9th. 

Magalotomus  pallescens  Stal. 

Taken  at  Troja  and  Richmond.  The  males  are  pale  and 
answer   well   to   Stal's   description    except   that   the   posterior 
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femora  are  infuscated,  with  a  pale  spot  before  their  apex;  the 
females  are  nearly  black  with  the  pale  pectoral  vitta  almost 
obsolete ;  the  venter  is  black  with  a  few  pale  points  on  the  sides, 
legs  blackish  with  the  tibiae  and  base  of  the  femora  pale;  the 
basal  joint  of  the  tarsi  is  ringed  with  pale  and  there  is  a  pale 
spot  on  the  front  of  the  posterior  femora  near  the  apex.  A 
good  series  in  ray  collection  from  the  island  of  Trinidad  exhibit 
variations  in  both  sexes  from  the  darkest  individuals  to  the  pale 
form  described  by  Stal. 

Harmostes  serratus  Pabr. 

This  species  was  not  uncommon  on  the  island.  I  took  it 
at  Mandeville,  St.  Margaret's  Bay,  Troja,  and  Richmond.  These 
specimens  are  larger  and  darker  in  coler  than  some  sent  me 
from  the  island  of  Trinidad  by  Mr.  Chipman. 

In  my  collection  I  find  a  single  example  from  Brownsville, 
Texas,  that  differs  from  serratus  in  being  smaller,  paler  in  color, 
and  in  having  the  second  joint  of  the  antennae  equal  to  the  third 
and  the  rostrum  barely  attaining  the  intermediate  coxae.  These 
characters  are  just  those  given  by  Dallas  to  distinguish  his 
affinis  from  serratus  and  I  think  it  quite  likely  that  it  may  be 
the  form  described  by  him. 

Corizus  pictipes  Stal. 

A  very  abundant  insect  everywhere  I  collected  on  the 
island.  Mr.  Chipman  sent  me  large  numbers  from  Trinidad 
showing  it  to  be  equally  common  there.  I  have  also  received 
it  from  Mexico  and  Florida. 

Corizus  hyalinus  Fabr. 

I  took  this  with  the  larvae  at  Hope  Bay.  It  may  be  abun- 
dant later.     It  belongs  to  subgenus  Liorhyssus  Stal. 

Jadera  sanguinolenta  Fabr. 

One  example  taken  in  a  house  at  Mandeville.  I  saw  broken 
remnants  in  spider  webs  about  houses  in  several  places,  so, 
apparently,  the  season  for  its  occurrence  had  about  passed.  Mr. 
Reinecke  took  it  in  Jamaica  in  February  and  I  have  specimens 
taken  in  British  Ciuiana  by  Mr.  Crew. 

Family  Metacanthidse 

Jalysus  reversus  n.  sp. 

Close  allied  to  tnacer  Stal.  Pale  ochraceous.  Head  with  the  basal 
Colluin  and  three  longitudinal  lines  pale;   the   lateral   interrupted  by   the 
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antenniferous  tubercles;  the  intermediate  a  little  expanded   between  the 
antennae  and  on  the  tylus;  tip  of  the  labrum  black,  polished  ;  pale  basal 
collum  interrupted  by  the  large  red  ocelli  below  which  is  a  pale  spot  followed 
by  a  fuscous  one  behind  the  eyes;  lower  surface  paler  with  an  abbreviated 
rufescent  vitta  either  side  of  the  middle.     Basal  joint  of  the  antennae  nearly 
or  quite  as  long  as  the  two  succeeding  together,  strongly  annnlated  with 
black,  second  a  little  shorter  than  the  third,  both  of  these  joints  dusky; 
fourth  about  two  thirds  the  length  of  the  second,  black  with  the  apical  one 
third  white  and  the  extreme  tip  blackish;  all  the  incisures  pale.     Pronotun 
closely  and  regularly  granulated ;  anterior  lobe  clearly  defined,  sublunately 
convex  posteriorly,  anterior  angles  rounded,  prominent;  these  and  a  median 
basal  spot  obscurely  pale  and  calloused;  posterior  lobe  gibbous,  with  a  feeble 
pale  median  carina  which  becomes  obsolete  behind  the  middle,  the  posterior 
margin  narrowly  reflexed   and   pale,   a  little  emarg^nate  at  the  middle; 
anterior  angles  tuberculate,  pale  and  calloused.      Sternum  darker  mfous, 
mesostemum  with  two  pale  feeble  median  carinae,  divergent  posteriorly; 
osteolar  spine  long,  straight,  rather  stout  and  pale  at  base  with  a  more  slender 
black  tip.     Scutellum  rather  narrow,  armed  on  the  base  with  a  long  curved 
pale  spine.     Hemelytra  almost  attaining  the  a|>ex  of  the  abomen,  greenish 
hyaline,  costal  nervure  slenderly  blackish,  the  other  nervures  and  the  clavus 
ochraceous,   the  latter   transversely  wrinkled,  slender  apex  of  the  corium 
linear,  defined  within  by  a  blackish  nervure,    reaching  three  fourths  the 
length  of  the  membrane.     Membrane  transversely  wrinkled  with  about  four 
simple  straight  nervures.     Abdomen  greenish  above,  at  least  on  the  connez- 
ivum,  more  ochraceous  beneath  and  on  the  base  of  the  terg^m.     Legs  long 
and  slender  dotted  and  annulated  with  black,  apex  of  the  tibiae  and  tarsi 
blackish.     Length  6%  mm. 

Described  from  14  specimens  taken  as  follows:  Rock  Fort, 
near  Kingston ;  Balaclava;  Montego  Bay;  Kingston,  from  the 
railway  yards  just  west  of  the  city,  April  14th.  It  was  a  com- 
mon insect  everywhere  on  the  island. 

This  form  is  closely  allied  to  macer  and  tenellus  Stal  but 
the  fourth  antennal  joint  is  white  on  the  apical  one  third  with 
the  tip  black,  not  black  with  the  extreme  tip  white ;  the  elytral 
nervures  are  ochraceous  not  testaceous  white,  and  there  are 
other  points  in  which  it  fails  to  answer  to  Stal's  descriptions. 
The  apex  of  the  first  joint  of  the  antennae  and  the  femora  are 
clavate,  brownish,  tipped  with  pale.  The  greenish  color  of  the 
abdomen  and  elytra  may  be  dependant  upon  an  immature  con- 
dition, as  some  individuals  are  entirely  ochraceous  tinged  with 
rufous  in  places,  especially  on  the  tergum. 

Metacanthus  decorus  Uhler. 

Taken  at  Mandeville  and  Balaclava.  Apparently  more 
characteristic  of  the  higher  elevations.  In  his  Rhynchotal 
Notes,   no.  10,   Dr.  Distant  places  this  species  as  strictly  con- 
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specific  with  Metacanthus  capitatus  of  Uhler  and  there  certainl}* 
is  nothing  in  the  descriptions  to  distinguish  the  two  species. 
Dr.  Uhler's  new  genus  Protacanthus,  established  for  decorus^ 
seems  to  differ  from  Metacanthus  elegans  only  in  having  the 
rostrum  a  little  longer  and  the  spines  at  the  anterior  angles  of 
the  pronotum  longer  and  more  slender. 

Family  Lygaeidse 

Oncopeltus  pictus  n.  sp. 

Closely  allied  to  varicolor.  Orange  fulvous  marked  with  black  and 
white.  Head  fulvous,  apex  of  the  tylus  base  of  the  vertex,  occipital  area, 
and  antenniferous  tubercles  black;  Antenna?  black,  proportionately  shorter 
and  thicker  than  in  varicolor,  second  joint  perhaps  a  little  longer  relatively. 
Rostrum  black,  shorter  than  in  its  ally,  scarcely  attaining  the  apex  of  the 
first  ventral  segment.  Pronotum  narrower  than  in  varicolor  with  the  lateral 
margins  rectilinear,  not  arcuated  ;  humeral  angles  not  rounded;  depressed 
basal  margins  narrow  and  broadly  rounded,  not  broad  and  subangularly  pro- 
duced as  in  varicolor;  color  fulvous,  base,  sides,  and  median  line  black. 
Scutellum  black.  Elytra  black  with  a  large  white  spot  on  the  base  and 
another  at  apex,  omitting  the  costal  nervure,  the  apical  spot  obliquely  pro- 
duced and  arcuated  anteriorly  ;  not  cut  square  across  as  in  varicolor. 
Beneath  fulvous;  meso-  and  meta-sternuni,  except  their  posterior  margins,  a 
cloud  exterior  to  the  coxai,  much  smaller  on  the  propleura,  edge  and  apex 
of  the  venter  and  a  discal  area,  which  scarcely  attains  the  base  and  extends 
to  the  margins  on  the  fifth  and  sixth  segments,  black.  Tergum  apparently 
coccineous  with  the  apex,  narrow  lateral  margins,  and  a  transverse  vitta  on 
the  posterior  segment,  black.    Legs  black.    Length:  male,  10;  female  12  mm. 

Described  from  a  single  pair  taken  on  the  northern  side  of 
the  island;  the  male  at  St.  Margaret's  Bay;  the  female  at  Hope 
Bay. 

This  species  may  vary  in  color  as  does  its  ally  but  the  dif- 
ferent form  of  the  pronotum,  as  well  as  the  shorter  antennae 
and  rostrum  will  distinguish  the  species.  It  is  also  smaller  and 
has  the  elytra  proportionately  narrower  at  base.  My  specimens 
of  varicolor  are  from  the  island  of  Trinidad  and  agree  very 
closely  with  Distant's  figure  in  the  Biologia. 

Oncopeltus  gutta  H.  S. 

« 

One  male  swept  from  weeds  by  the  railway  tracks  near  the 
Kingston  station,  April  17th.  This  corresponds  with  Distant's 
Biologia  figure  except  that  the  ground  color  is  a  light  scarlet 
including  the  entire  head  except  the  apex  of  the  tylus  and  a 
cloud  behind  the  ocelli,  and  the  sides  of  the  scutellum. 
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Biprilas  saadarachatuii  Sny. 

Alnadaai  everywhere  I  collected  on  the  i 
m  the  hiWy  iliKirict»  iibout  MAiiilrville,  Balaciar^  m 
I  men  of  the  pale  form  as  described  by  Say  aatS  « 
OK  fRMD  the  nonh  Atde  abuiit  Hope  Bay  ai>d  St.  ] 
f  wua  more  deeply  onlorcd  aod  were  larger.  I  c 
(  mo  tpccifib  chMracterx  to  distingultib  these  twofonas  sad  all 
i  occur  connectinfT  the  two. 
i  ((Iraplolomuii)  forino.<iu.s  Blanch. 
f  uiptiired  ftJtir  examples  of  this  pretty  speoes  ■!  Rndk  I 
F«f1.  wwl  hHve  In  my  collection  unolher  labelled  Portaa  Pnnoe^J 
fUrti,  ihfti  w«*  received  from  Prof.  E.  O.  BalL  HcTMoCenr] 
ilai*  •pvde*  has  been  recorded  only  from  the  caDtinental  c 
Uic»  Inrm  Mexico  tu  Venc/iiula. 
LfBMti*  (Othroalomuft)  pulchellus  Fabr, 

Tkkeri  at  Conntaiit  Spring;  neur  Kiii£;9ton,  in  an  cJd  1 
tScM  ovi:rtjr"wn  with  wcedn;  Montego  Bay,  April  8th,  wHb  t 
yimnic  kkhmond,  April  t;th  with  larvor.    Prof.  E.  D.  Ballli 
wnt  me  itifecirHeiiii  from  Port  an  I>rin(:e,  Hayti. 
Ortholomuii  lanutlcsniit*  Dallas. 

I  tiiuV  ii(.':iTMti(>ni)t  nxamplcs  of  this  species  at  varioas  places  I 
on  tliv  UUiid  and  found  it  fairly  abundant  at  Richmond.  These  fl 
■pttvlneiM  Msroo  In  overyrcvpect  with  Dallas' short  bat  sdequataJ 
deacrlptioD.     I  have  compared  them  very  carefully  with  Ubter'»* 
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Ninus  notabllls   ['ist. 


.  the 
St  has  combined  the  characters 
/fn^iChrfs  Slal  from  the  United 
IS.  It  is  nut  unlikely  however  that 
■  one  and  tlie  same  species  in  which 
kw;u'd  name  will  take  precedence 
Dr.  Distant  has  already  pointed 
lecic;.  with  that  of  Dallas.  I  feel 
Hakcr  in  placing  Ortholomus  as  a 


One  ex;ii 
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Ischnorrhynchus  champion!    Dist. 


island.      I    took 
Mandeville. 


most  everywhere  on  the 
about    Kingston   and   at 
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Bli58U8  leucopterus  Say. 

I  watched  closely  for  this  insect  but  found  only  two  exam- 
ples, both  brachypterous.  One  I  took  in  the  railway  yards  at 
Kingston,  April  1 7th,  and  the  other  in  an  old  banana  plantation 
about  a  mile  south  of  Constant  Spring  Hotel.  Both  are  small 
and  proportionately  more  elongated  than  specimens  from  the 
northern  states.  It  is  of  course  quite  possible  that  they  may 
have  been  introduced  from  the  United  States  as  they  were  taken 
near  the  principal  seaport  of  the  island. 

Ninyas  Strabo  Dist. 

This  looks  like  a  miniature  Geocoris,  I  found  it  not  uncom- 
mon toward  the  western  end  of  the  island.  It  was  taken  at 
Mandeville,  Balaclava,  Appleton  and  Montego  Bay. 

Paronius  longulus  Dallas. 

I  took  a  few  examples  of  this  widely  distributed  species  at 
Hope  Gardens  at  Kingston,  under  a  pile  of  brush  and  rubbish. 
I  also  took  it  on  cultivated  lands  at  Mandeville. 

Pamera  vincta  Say. 

Common  everywhere  I  collected  in  the  southern  and  west- 
em  districts  of  the  island.  Distant  now  places  as  synonyms  of 
this  species  parvulns  and  giitta  of  Dallas,  amyoti  of  Guerin, 
vinulus  of  Stal,  and  bipunctatus  of  Kirby;  thus  extending  its 
range  to  India  and  Ceylon. 

Pamera  bilobata  Say. 

I  found  this  species  fairly  common  at  Rock  Fort  near 
Kingston,  Mandeville,  Hope  Bay,  Troja  and  Richmond.  These 
specimens  were  a  little  smaller  and  more  clearly  marked  than 
those  I  have  seen  from  the  United  States.  They  very  closely 
resemble  Distant*s  figure  of  Pamera  vicinalis  on  plate  19,  fig. 
13  of  the  Biologia. 

Pamera  sp. 

Mandeville,  April  ist,  one  example.  This  specimen  is 
somewhat  mutilated  and  I  have  been  imable  to  place  it  satis- 
factorily. It  has  a  broad  form  and  shows  some  affinities  with 
genus  Ptochiotnera  but  the  clavus  is  irregularly  punctured  and 
I  prefer  to  place  it  in  Pamera, 

Ptochlomera  sp. 

St.  Margaret's  Bay,  April  12th,  one  example.  This  is  a 
tiny  little  insect  scarcely  more  than  a  millimetre  in  length.  It 
might  be  mistaken   for  a  Cligenes  were  it  not  that  the  sides 
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of  the  pronotum  are  not  at  all  carinate.  In  form  it  much 
resembles  Ptochiomera  nodosa  but  is  not  half  its  size  and  has  the 
ap'cal  joint  only  of  the  antennae  moderately  enlarged. 

Ozophora  pallescenes  Dist. 

One  example,  taken  at  Hope  Bay  April  12th,  agrees  exactly 
with  Distant's  figure  and  description.  I  have  received  it  also 
from  the  island  of  Trinidad. 

Ozophora  concava  Dist. 

I  took  one  example  of  this  species  at  Gordon  Town,  March 
24th.  It  would  not  be  surprising  should  a  long  series  show  this 
and  pallescens  to  be  forms  of  a  single  variable  species. 

Family  Pyrrhocorid» 

Dysdercus  mimus  Say. 

Very  abundant  at  every  locality  where  I  collected  on  the 
island.  I  took  all  variations  in  size,  form  and  marking  as  de- 
scribed by  Dr.  Uhler  in  his  List  of  the  Hemiptera  from  West 
of  the  Mississippi  River. 

Dysdercus  andrse  Linn. 

Another  very  common  species  occurring  in  great  numbers 
on  certain  trees  and  bushes,  and  frequently  coming  to  light  at 
night.  I  have  this  species  from  Cuba  and  Mrs.  Annie  Trum- 
bull Slosson  has  taken  it  m  Florida. 

Dysdercus  jamaicensis  Walker. 

I  took  this  large  showy  species  from  the  hillside  at  Port 
Antonio  and  at  St.  Margaret's  Bay,  Richmond,  and  at  Hope 
Gardens  at  Kingston.  At  Balaclava  I  took  it  on  a  large  tree 
called  by  the  natives  **Aaron's  Rod."  The  six  individuals  taken 
by  me  show  but  slight  variation  in  the  extent  of  the  black 
markings.  They  differ  from  Walker's  description  only  in  hav- 
ing the  rostrum  extended  to  the  middle  of  the  third  ventral 
segment.  D.  sanguinarius  Stal  is  an  allied  species  with  a 
longer  rostrum  and  black  scutelluni. 

Family  Tingidse 

Corythuca  gossypi  Fabr. 

Many  examples  of  this  tiny  species  were  taken  at  Kingston, 
Mandeville  and  Montego  Bay.  It  may  readily  be  distinguished 
from  spinosa  Champ.,  which  it  most  closely  resembles,  by  its 
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having  the  median  pronotal  carina  nearly  or  quite  as  high  as 
the  hood,  which  is  set  well  forward. 

Cor3rthuca  marmorata  Uhler  ? 

I  beat  numbers  of  this  species  from  a  bush  on  the  bank  of 
a  ravine  back  of  Montego  Bay.  I  do  not  yet  feel  fully  satisfied 
of  its  identity  with  marmorata, 

Coryth^ica  carinata  Uhler. 

I  took  two  examples  of  this  queer  looking  insect  by  the 
railroad  tracks  east  of  Balaclava  on  April  5th ;  several  at  Kings- 
ton, and  found  it  common  at  Montego  Bay  on  bushes  along  the 
roadside  near  Paradise  Pen.  Two  of  those  from  Kingston  are 
smaller  and  paler  and  seem  to  be  somewhat  immature.  Dr. 
Uhler  described  this  species  from  material  taken  on  the  island 
of  Grenada. 

Leptostyla  tumida  Champ. 

This  is  one  of  the  most  beautiful  Tingids  that  has  come 
under  my  observation.  I  swept  eight  examples  from  low  weeds 
about  a  mile  east  of  Rock  Fort,  Kingston,  on  March  25th.  My 
specimens  correspond  in  every  respect  with  Champion's  figure 
and  description. 

Leptostyla  angustata  Champ. 

A  pretty  little  whitish  species  of  which  I  took  five  examples 
at  Montego  Bay.  These  differ  from  the  description  in  the  Bio- 
logia  in  having  a  round  blackish  spot  a  little  behind  the  middle 
of  the  discoidal  area,  which  is  almost  obsolete  in  some  individ- 
uals and  very  distinct  in  others. 

Leptostyla  constrlcta  Champ. 

One  specimen  of  this  little  species  was  swept  from  grass 
and  weeds  along  the  railroad  track  a  little  south  of  the  station 
at  Troja.  The  apical  joint  of  the  antennae  is  dark  brown  rather 
than  black. 

Leptostyla  colubra  n.  sp. 

Form  and  general  appearance  oiconstricta  Champ.  Body  black;  spines 
of  the  head,  antennae,  bucculse,  and  legs  pale  testaceous  or  white.  Basal 
joint  of  the  antennae  about  twice  the  length  of  the  second;  third  elongated, 
slender;  fourth  about  equal  to  the  first  and  second  united,  darker.  Prono- 
tum  broad  across  the  subangulated  humeri  behind  which  is  a  distinct  trans- 
verse impressed  line  separating  the  large  triangular  posterior  portion,  the 
extreme  tip  of  which  is  truncated  and  slightly  emarginate.     Anteriorly  the 
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IMTonotum  is  strongly  narrowed;  sides  with  a  slender  carina  which  is  higher 
across  the  anterior  sinus;  hood  moderately  elevated;  disk  strongly,  almost 
tubercularly  elevated,  as  high  as  the  hood,  tricarinate;  color  ferruginons 
becoming  blackish  posteriorly;  the  median  carina  and  a  slender  line  bound- 
ing the  pale  lateral  carinse,  black;  hood  and  anterior  edge  of  the  pronotum 
white,  the  latter  with  two  black  points  beneath  the  hood.  Elytra  fuscous 
or  blackish,  the  costal  area  whitish  hyaline,  broken  by  a  broad  black  band 
at  the  middle  and  a  narrower  one  at  apex,  the  disk  of  some  of  the  apical 
areoles  subhyaline;  bounding  nervures  of  the  discal  area  white  at  apex; 
discal,  subcostal  and  sutural  areas  finely  areolate,  the  costal  and  apical 
areoles  larger;  costal  area  indistinctly  triseriate.  Wings  almost  attaining 
the  apex  of  the  elytra.  Rostrum  reaching  the  insertion  of  the  posterior 
legs.  .Length  2  to  2}^  mm. 

DtaLiibtd  'from-Trg  "^Aamples  "tiAen  at  Mnndeville  and 
Balaclava  where  it  appeared  to  be  common.  This  little  species 
has  the  form,  size  and  markings  almost  exactly  of  constricta  but 
may  readily  be  separated  by  its  having  the  expanded  mem- 
branous margins  of  the  pronotum  reduced  to  a  mere  carina; 
the  disk  much  more  convex  and  divided  by  a  transverse  suture, 
and  tbe  posterior  tip  truncated.  The  basal  joint  of  the  antennae 
is  also  a  little  shorter  and  the  colors  are  more  varied.  Some  of 
these  characters  might  be  construed  to  be  of  generic  value.  The 
specific  name  is  suggested  by  the  dark  markings  which  recall 
those  seen  on  certain  serpents. 

Acanthochila  armigera  Stal. 

I  took  four  adults  and  one  larva  of  this  pretty  species  from 
the  hill  south  of  the  Newleigh  House  at  Mandeville,  and  two 
adults  by  the  roadside  near  Paradise  Pen  at  Montego  Bay. 
These  are  all  rather  pale  ferruginous  with  the  head,  apical  joint 
of  the  antennae,  its  base  excepted,  anterior  disk  of  the  prono- 
tum, body  beneath  and  tips  of  the  marginal  spines  of  the  pro- 
notum, black.  The  two  long  spines  on  the  head  are  white  and 
conspicuous,  and  the  transverse  vitta  on  the  elytra  is  pale  and 
poorly  defined. 

Acanthochila  spinicosta  n.  sp. 

Closely  allied  to  armigera  but  differing  principally  in  haying  the 
coita  armed  with  spines  to  behind  the  middle,  those  near  the  base  longer, 
and  tipped  with  black  as  are  those  of  the  pronotum;  the  head  ferruginous 
instead  of  black;  the  basal  joint  of  tht  antennae  with  a  black  line  exteriorly. 
and  the  apical  joint  black  only  on  its  apical  one  third.  Membranous  margin 
of  the  pronotum  somewhat  broader  than  in  armigera:  disk  of  the  discoidal 
and  subcostal  areas  conjointly  ferruginous,  darker  than  in  armigera^  the 
intervening  carina  white  at  apex  with  a  black  dash  before  the  middle. 
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Lower  surface  of  the  head  pale,  of  the  body  deep  black,  with  the  insertions 
of  the  coxae,  broad  margins  of  the  propleura,  legs  and  rostrum  pale.  Genital 
segment  ferruginous.  Bucculse  white.  In  armigera  as  known  to  me  the 
entire  lower  surface  is  deep  black  with  the  bucculse  white  and  the  rostrum, 
legs  and  insertion  of  the  coxae  pale.  The  spines  on  the  base  of  the  vertex 
are  whitish  as  in  armigera  but  the  transverse  black  band  on  the  anterior 
lobe  of  the  pronotum  of  that  species  becomes  paler  in  this. 

Described  from  one  example  taken  on  the  borders  of  a  rich 
cultivated  field  at  Mandeville,  April  3d.  This  species  has  the 
form  and  general  appearance  of  armigera  but  the  characters 
given  above  will  readily  separate  it.  I  confess  that  I  do  not 
feel  at  all  certain  of  the  synonomy  given  by  Mr.  Champion  in 
the  Biologia  for  armigera  Stal. 

Amblystira  maculata  n.  sp. 

Closely  allied  to  opaca  Champ.  Deep  black,  shining;  antennae,  legs 
and  elytra  whitish,  the  latter  with  a  large  angulated  median  black  spot, 
which  omits  the  calloused  sutural  and  apical  margins  and  becomes  much 
narrowed  to  the  costal  nervure,  along  which  it  runs  anteriorly  for  a  short 
space;  the  large  sutural  area  is  a  little  enfumed,  with  black  nervures. 
Antennae :  first  and  second  joints  short,  subequal  in  length  ;  third  about 
twice  the  length  of  the  fourth;  apical  one  third  of  the  latter  blackish.  Buc- 
culse  narrowly  edged  with  pale.  Pronotum  obscurely  carinate  on  the  sides; 
disk  tricarinate,  median  carina  strong,  scarcely  attaining  the  apex  of  the 
posterior  prolongation,  the  lateral  subobsolete ;  whole  surface  coarsely 
punctate.  Elytra  with  the  discoidal  area  narrow,  subcostal  finely  reticulated 
in  several  rows;  costal  area  forming  a  very  narrow  margin  to  the  subcostal, 
beyond  that  much  widened,  with  one  series  of  large  areolae.  Wings  smoky 
toward  their  tips,  with  fuscous  nervures. 

Described  from  one  example  taken  on  the  hillside  south  of 
Richmond  village,  April  15th.  Differs*  from  opaca  in  color,  the 
shining  black  of  the  upper  surface,  the  tricarinate  disk  of  the 
pronotum,  and  the  large  areolae  in  the  sutural  area  of  the  elytra. 

Leptoypha  binotata  Champ.? 

Kingston,  two  examples  swept  from  bushes  near  the  rail- 
road tracks  west  of  the  station  on  April  17th.  I  feel  some 
uncertainty  about  this  determination  as  these  specimens  differ 
from  Champion's  description  in  several  particulars.  The  body 
is  dark  ferruginous,  not  black,  beneath;  the  elytra  have  a 
double  transverse  vitta  and  the  whole  sutural  area  fuscous,  with 
the  included  nervures  black;  the  discoidal  and  subcostal  areas 
are  confused,  and  together  with  most  of  the  sutural  area  are 
closely  and  minutely  areolate;  costal  area  very  narrow  and 
uniseriate;  wings  well  developed.         I  have  little  doubt  but 
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further  West  Indian  material  would  connect  these  with  the 
darker  specimens  from  the  main-land  described  by  Mr.  Cham- 
pion. 

Teleonemia  sacchari  Fabr. 

Taken  in  numbers  at  almost  all  places  where  I  collected  on 
the  island. 

Teleonemia  scrupulosa  Stal. 

Taken  with  the  preceding  and  equally  abundant.  I  dis- 
tinguish this  species  most  readily  by  its  smaller  size,  paler  color, 
the  longer  pale  spines  on  the  head,  and  particularly  by  the  much 
wider  costal  area. 

Teleonemia  prolixa  Stal. 

Troja,  April  14th,  one  example.  Mr.  Otto  Heidemann 
who  has  determined  this  species  for  me  and  who  has  very  kindly 
assisted  me  in  the  verification  of  some  of  the  doubtful  species  of 
the  Tingids  thinks  this  the  *'var.  a''  of  prolixa  as  described  by 
Mr.  Champion.  This  is  a  larger  and  darker  species  than 
saccharic  with  a  narrower  and  more  sinuated  costal  margin.  I 
have  in  my  collection  a  still  larger  and  darker  specimen  taken 
by  Mr.  R.  J.  Crew  near  Demerara,  British  Guiana,  April  12th, 
1 90 1. 

Teleonemia  cylindricornis  Champ. 

This  is  a  larger  and  paler  species  of  which  I  took  two 
specimens  at  Mandeville  and  one  at  Hope  Gardens,  near  Kings- 
ton, among  weeds  by  a  roadside  on  March  27  th.  This  species 
is  separable  from  the  two  preceding  by  its  larger  size,  longer 
and  stouter  antenntX,  and  by  the  partially  biseriate  costal  area. 
It  is  very  close  to  varicgata  Champ,  of  which  Mr.  Otto  Heide- 
mann has  very  kindly  sent  me  an  example  taken  in  Arizona.  I 
can  separate  cylindricornis  by  its  having  the  median  pronotal 
carina  distinctly  elevated  in  front  and  the  lateral  carinas  almost 
parallel  behind,  not  distinctly  divergent  as  in  variegaia;  and 
the  costal  area  is  much  more  distinctly  biseriate.  The  antennae 
are  longer  and  stouter  and  the  elytra  more  ampliated,  but  these 
characters  are  less  noticeable. 

Atheas  nigricornis  Champ. 

vSeveral  examples  of  this  species  were  swept  from  herbage 
in  a  pasture  at  Mandeville,  March  30th.    These  have  the  extreme 
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)  of  the  third  antennal  joint  paler  and  the  apex  of  the  discal 
ea  of  the  elytra  blackish.  In  all  other  respects  they  agree 
th  Champion's  description  and  figure. 

Mianthia  monotropidia  Stal. 

Three  examples  swept  from  weeds  along  the  road  to  Para-' 
*e  Pen  at  Montego  Bay,  April  8th. 

Dnanthia  c-nigrum  Champ. 

Mandeville,  three  examples :  a  large  specimen  taken  on  the 
Llside  near  the  Newleigh  House,  March  29th,  and  two  smaller 
les  from  a  cultivated  field  April  3d.  These  all  agree  well  with 
campion's  figure  and  description  except  that  the  femora  are 
ncolorous,  ferruginous,  instead  of  black. 

.  Family  Phymatidae 

lymata  marginata  Fabr.  ? 

I  took  one  example  of  this  little  species  from  bushes  along 
e  roadside  in  Balaclava  village  on  April  6th.  This  is  a  male 
easuring  but  five  millimetres  in  length,  and  differs  from  the 
jure  and  description  given  by  Handlirsch  in  having  the  pos- 
rior  ''wings"  of  the  pronotum  and  the  expansion  of  the  con- 
jxivum  on  the  fourth  abdominal  segment  less  pronounced  and 
ute.  They  seem  to  agree  in  all  other  essential  respects  and 
see  no  reason  to  doubt  the  correctness  of  this  determination. 

Family  Veliids 

lagovelia  Taylorella  Kirk. 

I  found  quite  a  colony  of  these  active  little  insects  sporting 
I  the  surface  of  a  small  stream  near  the  railroad  station  at 
roja.  In  all  of  these  the  legs  are  metallic  greenish  black, 
!th  the  trochanters,  coxae,  base  of  the  anterior  femora  and  of 
e  other  femora  beneath,  fulvous. 

icrovelia  pulchella  VVestw. 

One  fully  winged  example  that  I  determine  as  Westwood's 
ecies  was  taken  from  a  rivulet  near  the  road  about  a  mile 
uth  of  the  Constant  Spring  Hotel.  The  elytra  in  this  are 
ally  dull  whitish  with  the  nervures  broadly  fuscous;  the  por- 
ital  collum  is  fulvous,  bisected  by  the  blackish  median  pro- 
>tal  line.  This  individual  answers  in  all  respects  to  the  brief 
iscription  giv^en  by  Amyot  and  Serville  except  that  the  elytra 
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are  more  obscurelv  white.     Dr.  Uhler's  M.  rofmsta  wonld  seem 
to  be  a  very  closely  allied  species. 

Near  Rock  Fort  I  took  from  a  little  pond  of  water  by  the 
roadside  a  larval  form  of  Microvelia  that  I  take  to  be  the  yonng 
of  the  present  species  as  it  has  the  same  characters  of  the 
antennse  and  legs.  It  is  blackish  above  with  the  collum  and  a 
large  quadrate  spot  on  the  middle  of  the  pronotum  and  a  dot 
on  the  connexival  margin  of  the  first  tergal  segment  fulvous. 

I  was  much  disappointed  in  not  taking  more  of  the  aquatic 
and  littoral  forms  of  the  Hemiptera  in  Jamaica.  Although  I 
searched  diligently  wherever  I  collected  near  the  water  I  took 
but  this,  the  Rliagovelia  mentioned  above,  and  the  single  speci- 
men of  Buenoa  noticed  further  on. 

Some  years  ago  while  collecting  at  Rivington,  N.  J.  with 
Prof.  C.  W.  Johnson  my  attention  was  directed  by  him  to  a 
colony  of  Microi'elias  that  had  their  home  in  a  water  barrel 
under  some  trees.  These  specimens  agree  in  every  respect 
with  Champion's  description  of  his  albonotata^  founded  on  a 
single  specimen  from  Guatamala.  This  differs  from  Uhler's 
description  of  modesta  in  several  minor  particulars,  and  for  the 
present  at  least  I  prefer  to  place  these  northern  specimens  tmder 
Champion's  species. 

Family  Reduviids 

Qhilianella  Signoreti  Dohrn. 

This  large  species  was  not  uncommon  on  trees  and  bushes 
in  various  parts  of  the  island.  I  have  notes  of  having  taken  it 
at  Mandeville  and  Hope  Bay.  In  the  specimens  brought  home 
the  intermediate  and  posterior  legs  are  no  darker  than  the 
anterior  but  show  the  pale  rings  on  the  femora  quite  distinctly. 
Two  small  immature  examples  from  Mandeville  and  Balaclava 
are  apparently  the  young  of  this  species. 

Ploiariola  errabunda  Say. 

I  captured  three  specimens  at  Mandeville  that  I  cannot 
distinguish  from  this  species  as  found  in  the  United  States. 

Luteva  sp. 

One  example  of  a  species  I  have  been  unable  to  determine 
was  taken  at  Balaclava,  April  5th. 
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Pnirontis  infirma  Stal. 

One  nymph  that  I  place  here  was  taken  at  Mandeville, 
April  I  St.  The  extreme  edge  of  the  abdomen  has  not  the  black 
spots  mentioned  by  Stal  but  that  character  may  depend  some- 
what upon  maturity. 

Zelus  rubidus  St.  F. 

This  was  a  common  insect  throughout  the  island.  I  took 
it  wherever  I  collected.  I  can  see  no  reason  for  separating  this 
from  Zelus  longipes  Linn.  Our  northern  form,  Zelus  bilobus 
Say,  is  reasonably  distinct  in  having  a  longer  and  more  slender 
head. 

Metatropiphorus  Belfragei  Rent. 

One  slightly  immature  example  of  this  interesting  insect 
was  swept  from  grass  and  weeds  -at  Hope  Gardens,  Kingston, 
March  26th.  In  this  individual  the  elytra  are  somewhat  flaccid, 
pale,  with  the  nervures  fuscous  on  their  base  aiid  across  the 
middle,  thus  indicating  the  dark  bands  mentioned  by  Renter. 
In  all- other  characters  it  agrees  exactly  with  his  description. 

Nabis  sordidus  Reut. 

A  macropterus  example  was  taken  near  the  Constant  Spring 
Hotel  and  a  brachypterous  one  from  the  roadside  a  little  beyond 
Rock  Fort. 

Nabis  ferus  Linn. 

Two  examples  from  the  fields  near  the  Constant  Spring 
Hotel,  March  26th.  These  are  a  little  longer  and  narrower 
than  examples  from  further  north  but  1  cannot  distinguish  them 
specifically. 

Carthasis  rufonotatus  Champ. 

I  took  several  examples  of  this  delicate  little  species  at 
Mandeville  and  Balaclava.  These  were  beaten  singly  from 
trees  in  open  sunny  situations. 

Family  Cimicids 

Cimex  lectularius  Linn. 

Not  an  uncommon  guest  at  the  hotels  in  the  smaller  towns 
and  interior  villages. 
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Family  Anthocorids 

PiesEOStethus  sp. 

Numbers  of  a  small  species  in  this  genus  that  I  have  been 
unable  satisfactorily  to  determine  were  taken  in  various  parts 
of  the  island. 

Triphleps  insidiosus  Say. 

One  specimen,  certainly  pertaining  to  this  species,  was 
taken  at  M-andeville  and  two  smaller  examples  that  I  cannot 
feel  sure  are  distinct  were  swept  from  herbage  at  Hope  Bay. 

Cardlastethus  fraterculus  n.  sp. 

Fulvous,  tinged  with  rufous  in  places.  Head  and  prothorax  rufo- 
piceous;  the  pronotum,  excepting  the  disk  of  the  anterior  lobe,  and  the 
humeri  piceous  black  with  metallic  reflections  in  certain  lights.  Blytra 
dull  and  opake,  apical  one  half  of  the  clavus,  disk  of  the  corium,  and  inner 
field  of  the  embolium  within  the  longitudinal  furrow,  fuscous;  cuneus  black- 
ish. Membrane  fuscous  with  iridescent  reflections,  the  inner  margins  ful- 
vous at  base  and  pallid  toward  the  apex.  Antennae,  rostnrm  and  legs 
testaceous  yellow. 

Head  short,  the  prolongation  before  the  base  of  the  antennae  quadrate. 
Eyes  large,  g^ranulated.  Antennae:  first  joint  attaining  the  apex  of  the 
head,  second  longest,  clavate  and  fuscous  at  apex,  third  and  fourth  more 
slender,  dusky,  fourth  shortest,  much  shorter  than  the  third;  all  but  the 
basal  armed  with  long  scattering  hairs.  Rostrum  reaching  to  between  the 
anterior  coxae.  Pronotum  broad,  transverse,  strongly  narrowed  to  the  front, 
sides  feebly  arcuated;  surface  coarsely  punctured,  omitting  however  the 
large  pale  disk  of  the  anterior  lobe;  collura  rather  narrow,  distinct.  Scu- 
tellum  pale,  the  transverse  impression  conspicuous.  Elytra  with  scattering 
coarse  shallow  punctures;  embolium  narrow,  at  apex  about  one  half  the 
width  of  the  corium;  nervures  of  the  membrane  almost  obsolete.  Propleura 
and  sutures  of  the  other  pleural  pieces  rufo-piceous.  Osteolar  canal  long» 
strongly  curved  and  attaining  the  anterior  suture  of  the  mesopleura.  Whole 
upper  surface  sprinkled  with  short,  stiff,  yellow  hairs.     Length  2  mm.' 

Described  from  one  example  taken  at  Mandeville,  March 
29th.  This  seems  to  be  quite  distinct  from  any  species  yet 
described.  It  answers  most  nearly  to  Renter's  description  of 
Pergandei  but  has  the  short  rostrum  and  feebly  sinuated  cOsta, 
and  in  his  synopsis  would  go  directly  to  consors  trom  New  Zea- 
land. It  is  perhaps  still  nearer  to  asswiilis  which  has  a  short 
rostrum  notwithstanding  that  Prof.  Renter  has  placed  it  in  his 
table  among  those  in  which  the  rostrum  attains  the  middle  of 
the  mesosternum.  From  that  species  however  ours  may  be 
distinguished  by  the  different  sculpture  of  the  pronotum,  the 
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deeper  impression  on  the  disk  of  the  scutellum,  the  narrower 
embolium,  and  the  different  coloring. 

Termatophylidea  pllosa  Rent. 

Quite  a  number  of  specimens  of  this  very  interesting  species 
were  beaten  from  bushes  and  small  trees  at  Mandeville,  Balac- 
lava and  Montego  Bay.  Dr.  Renter  writes  me  that  this  is  the 
first  American  representati- e  he  has  seen  of  this  subfamily  of 
the  Anthocoridce.  He  will  describe  the  genus  and  species,  both 
of  which  are  new,  in  a  paper  on  the  Termatophyltnen  he  now 
has  in  preparation. 

Family  Caps  ids 

The  Capsidae  were  well  represented  among  the  material 
taken  in  Jamaica.  The  specimens  averaged  much  smaller  than 
those  found  in  the  United  States  and  in  most  cases  but  few 
individuals  of  each  species  were  taken,  but  this  was  true  of  all 
the  Hemiptera  I  took  on  the  island.  Some  of  these  Capsids 
were  very  prettily  colored  and  marked  and  the  collection  on  the 
whole  was  an  interesting  one.  Dr.  O.  M.  Renter  of  Helsing- 
fors  very  kindly  offered  to  study  these  for  me  and  has  published 
the  results  of  this  study  in  the  Of.  Finsk  Vet-Soc.  Forhandl. 
xlix.  No.  5,  pp.  I  to  27,  1907,  to  the  pages  of  which  paper 
reference  is  made  after  the  name  of  each  new  genus  and  species. 
In  this  paper  Dr.  Renter  has  described  as  new  seven  genera, 
twenty  nine  species  and  two  varieties  from  the  material  brought 
home  by  me.  In  the  nomenclature  and  arrangement  of  the 
divisions,  and  so  far  as  possible  of  the  genera,  I  have  followed 
the  classification  published  by  Dr.  Renter  in  the  Festschrift  fUr 
Palmen  No.  i,  p.  27  et  seq.,  1905. 

Division  Plagiognatharia 

Psallus  atomophorus  Rent.  (n.  sp.  p.  22.) 

Two  examples  taken  at  Rock  Fort  near  Kingston,  March 
25th.  This  is  a  delicate  little  species  of  a  pale  yellow  color  with 
a  fuscous  cloud  across  the  elytra  and  the  whole  upper  surface 
dotted  with  brown  points. 

Psallus  (?)  sulphureus  Reut.  (n.  sp.,  p.  23.) 

Taken  in  numbers  along  the  roadside  at  Rock  Fort.  It  is 
a  pale  yellow  species  with  a  black  point  on  the  apex  of  the 
cuneus  and  a  dot  a  little  behind  this  on  the  margin  of  the 
maculated  membrane. 


Reuteroscopus  ornatus  Reut, 

One  example  of  this  northern  species  was  taken"  at  Hope 
Gardens  and  another  near  Constant  Spring  Hotel  at  Kingston. 
The  generic  name  Episcopus,  under  which  this  species  was 
described,  being  preoccupied  Mr,  Kirkaldyin  1905  proposed  the 
name  Reuteroscopus.  (vide  Renter)  and  again  in  1906  the  name 
Aristoreuteria,  the  former  of  which  has  been  adopted  by 
Dr.  Reuter. 
Atomoscelis  dlaphanus  Rent.  (n.  sp.,  p.  14.) 

Mandeville.  April  id,  one  example. 
Leucopoecila  (Rent.  n.  gen  ,  p.  24  )  albofasciata  Reut.  (n.  sp., 

p.    2k.) 

Rock    Fort,    March    25th,  two   examples.     This  is  a  little 
black  insect  resembling  our  northern  Chiamydatiis  {Agalliastts) 
but  marked  with  a  transverse  white  band  on  the  elytra. 
Sthenarus  plebejus  Reut   (n.  sp.,  p.  16  ) 

Mandeville,    seven  examples  Balaclava,   one  example,      A 
shining  black  little  creature  with  the  base  of  the  antennse  and 
legs  pale  yellow. 
Sthenarus  basalis  Reut.  (n.  sp.,  p.  36.)  Mandeville. 


Division  Cyllocorarla 

Jornandes  semirasus  Dist. 

Very  abundant  at  Mandeville  and  Balaclava  and  also  taken 
at  Richmond,     This  species  looks  somewhat  like  a  miniature 
Ceratocapsus  [Melinna]  modesta  Uhler,     Distant's  material  was 
from  Guatemala. 
Zanchisme  illustris  Reut.  (n.  sp.,  p.  11.) 

Balaclava,  April  5th,  two  examples.      A  neat  little  species 
with  much  the  aspect  of  a  small  Pilophorus.    This  geoerie  name 
was  substituted  for  Renter's  preoccupied  name  Schizonotus  by 
Mr.  Kirkaldy  in  1904. 
Falconia  caduca  Dist   var.  (Reut.  p.  11.) 

Mandeville  and  Balaclava.  A  pale  yellow  species  with 
nearly  the  form  of  a  Dicyphus.  with  the  eyes  and  apex  of  the 
scutellum  deep  black,  and  the  last  joint  of  the  antennae,  claval 
suture  and  a  spot  on  the  base  of  the  membrane  fuscous.  The 
■pe  was  from  Guatemala. 
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Baculodema  (Reut.  n.  gen.,  p.  i«.)  luridum  Rent.  (n.  sp.,  p.  13.) 

Balaclava,  one  example.     Looks  like  a  slender  Jornandes, 
Ceratocapsus  nigro-piceus  Reut.  (n.  sp.,  p.  13.) 

Balaclava,  four  examples;  Montego  Bay,  one  example. 
Dr.  Uhler  described  this  genus  in  1887  as  Melinna  and  Mr. 
Kirkaldy  renamed  it /^/^r^iV/(f J  in  1903.  Dr.  Renter  however 
considers  it  identical  with  his  genus  Ceratocapsus  published  in 

1875. 

Ceratocapsus  consimilis  Reut.  (n.  sp.,  p.  14.) 

Balaclava,  one  example.  This  has  much  the  appearance 
of  a  small  Ceratocapsus  modestus  Uhler. 

Orthotylus  compsus  Reut.  (n.  sp.,  p.  14.) 
Kingston,  one  example. 

Orthotylus  divergens  Reut.  (n.  sp.,  p.  15.) 

Rock  Fort,  near  Kingston,  two  examples.  A  pale  little 
species  with  a  red  band  across  the  base  of  the  elytra  and  scu- 
tellum  and  a  black  membrane. 

Platyscytus  (Reut,  n.  gen.,  p.  16.)  binotatus  Reut  (n.  sp.,  p.  17.) 

Hope  Gardens,  Kingston,  one  example.  This  is  an  odd 
little  insect:  pale  yellow  with  the  scutellum  and  a  round  dot  on 
each  elytron  red. 

Melanostictus    (Reut.,    n.    gen.,    p.    17.)      Van  Duzeei   Reut. 
(n.  sp.,  p.  18.) 

Balaclava,  April  5th,  one  example. 

Hyalochloria  (Reut.,  n.  gen.,  p.  18.)  caviceps  Reut.  (n.sp.,p.2o.) 

Not  uncommon.  I  took  it  at  Mandeville,  Balaclava,  Mon- 
tego Bay  and  Richmond.  This  is  an  exceedingly  delicate  little 
insect  much  resembling  Diaphnidia parvula  Uhler  from  Florida. 

Hyalochloria  unicolor  Reut.  (n.  sp.,  p.  20.) 
Mandeville,  March  31st.,  one  example. 

Mesotropis  (Reut.  n.  gen.,  p.  21.)  viridifasciatus  Reut.  (n.  sp., 

p.  22.) 

Hope  Gardens  and  Constant  Spring  Hotel,  Kingston,  two 
examples;  Balaclava,  one  example.  Another  delicate  green 
little  species  with  a  band  of  deeper  green  across  the  elytra, 
which  may,  however,  be  almost  obsolete. 
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Division  Pilophoraria 

Tiryus  ponctalatus  Rent. 

Taken  at  Mandeville,  Balaclava,  Montego  Bay  and  Rich- 
mond. Described  in  1875  ^^  ^  Trichia  from  material  taken  in 
the  southern  United  States. 

Division  Dicypharia 

Dicyphus  sepamtus  Uhler. 

I  took  numbers  of  this  species  from  a  bush,  I  think  a  species . 
of  Croton,  growing  in  a  garden  at  Gordon  Town,  March  24th, 
and  at  Rock  Fort  the  next  day.  Dr.'  Renter  did  not  report  on 
this  species  but  my  specimens  seem  identical  specifically  with 
others  in  my  collection  from  Maryland  and  Florida,  and  my 
friend  W.  J.  Palmer  took  what  I  believe  to  be  the  same  species 
at  Lake  Temagami,  Ontario,  (See  Can.  Ent,  xxxviii,  p.  407, 
1906.)  In  my  report  upon  these  Temagami  Hemiptera  I  listed 
this  species  as  a  Macrolopkus  under  which  name  I  had  received 
it  from  correspondents.  I  now  find  that  it  was  described  as  a 
Dicyphus  by  Dr.  Uhler  (Proc.  Zool.  Soc.,  1893,  p.  194),  from 
specimens  taken  in  the  island  of  Granada  together  with  material 
from  the  United  States. 

Division  l^boparia 

Halticus  Uhleri  Girard. 

Common  at  Mandeville  and  Balaclava.  Dr.  Distant  has 
redescribed  this  species  in  the  Biologia  as  C aloe  or  is  canus. 

Division  Miraria 

Collaria  oleosa  Dist. 

A  verv  abundant  insect  everywhere  on  the  island. 

Trigonotylus  tenuis  Rent. 

A  delicate  little  species  of  which  I  took  four  examples  at 
Hope  Gardens  at  King-ston,  April  17th. 

Creontiades  rubrinervis  Stal. 

This  was  the  largest  Capsid  taken  by  me  on  the  island.  I 
found  it  at  Mandeville,  Balaclava  and  Appleton  The  type  speci- 
mens were  from  Mexico.  Distant  records  it  from  Guatemala 
and  Uhler  from  St.  Vincent  and  Cxranada,  and  Mrs.  Slosson  has 
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it  at  Biscajme  Bay,  Florida.     1  follow  Renter  in  placing 
enns  in  the  Miraria, 

Division  Capsaria 

Koris  compsocerus  Rent.  (n.  sp.,  p.  4.) 

took  two  examples  of  this  at  Mandeville  and  two  at  Balac- 
It  is  closely  allied  to  eximus. 

s  apicalis  Fieb. 

i'hree  examples  taken  near  the  Constant  Spring  Hotel, 
is  a  small  green  species  somewhat  resembling  prasinus. 
s  described  by  Fieber  in  his  Europaischen  Hemiptera  from 
ial  taken  in  Spain.  I  cannot  find  any  previous  record  of 
ving  been  taken  in  America. 

3  apicalis  var.  inops  Horv. 

''ery  near  the  preceding.  I  found  this  form  at  Hope  Gar- 
ind  in  numbers  at  Mandeville. 

s  aerug^nosus  Reut.  (n.  sp.,  p.  5.) 

landeville,  April  ist,  two  examples.  A  shiny  little  species 
much  the  aspect  of  an  Or t hops. 

s  olivaceus  Reut.  (n.  sp.,  p.  6.) 

^ot  uncommon  on  the  southern  side  of  the  island.  I  took 
r  the  Constant  Spring  Hotel,  at  Mandeville,  Balaclava  and 
5go  Bay.      It  looks  somewhat  like  a  small  compact  mvitiis, 

\  suspectus  Reut.  (n.  sp.,  p.  6.) 

mailer  and  more  strongly  maculated  than  the  preceding, 
one  example  at  Rock  Fort,   March  25th,  and  another  at 
iville,  April  3d. 

*  cunealis  Reut.  (n.  sp  ,  p.  7.) 

"andeville,  three  examples.  At  Balaclava  I  took  two  ex- 
s  of  what  seems  to  be  a  pale  form  of  this  species. 
/is  is  near  the  preceding  species  but  has  the  pronotum 
3,  scutellum,  clavus  and  inner  angle  of  the  corium  piceous 

^5cytus  cuneatus  Dist. 

ommon  about  Mandeville  and  Balaclava.  I  also  took  it 
:ik  Fort  near  Kingston.  I  have  received  this  species  from 
:i  Guiana  and  the  island  of  Trinidad  and    Distant,  who 
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described  it  as  a  Lygtis^  records  it  from  Mexico  and  Central 
America. 

Poeciloscytus  cuneatus  var.  rufu-cuneatus  Rent.  (n.  var.,  p.  8.) 

Differs  from  the  typical  form  in  being  paler  with  a  red 
cuneus.     I  found  it  abundant,  particularly  about  Mandeville. 

Poeciloscytus  flavo-cuneatus  Rent.  (n.  sp.,  p.  8.) 

Two  examples  taken  at  Hope  Gardens,  March  26th.  Very 
near  cuneatus  of  which  Dr.  Renter  thinks  it  may  prove  to  be  a 
variety. 

Cyrtocapsidea  irrorata  Reut.  (n.  sp.,  p.  9.) 

• 

Mandeville,  April  ist,  one  specimen.  This  is  a  pretty 
little  species  with  somewhat  the  aspect  of  a  small  Phytocoris, 
Dr.  Renter  records  its  occurrence  in  Mexico. 

Neoborops  oculatus  Reut.  (n.  sp.,  p.  10.) 
Mandeville,  April  ist,  one  example. 

Division  Clivinemaria 

Lamproscytus  (n.  gen.  Reut.,  p.  3.)  Van  Duzeei  Reut. 

(n.  sp.,  p.  4-) 
Mandeville,    one   example.       Looks  a   little   like   a  small 
Pilophorus.     Piceous  black  with  red  elytra  marked  with  a  large 
white  spot  on  the  membrane. 

Division  Bryocoraria 

Cyrtocapsus  caligineus  Stal. 

Taken  at  Kingston,  Mandeville,  Balaclava  and  St.  Mar- 
garet's Bay.  Not  uncommon.  Distant  records  it  from  Califor- 
nia, Mexico  and  Guatemala  and  Dr.  Uhler  from  the  island  of 
Granada. 

Pycnoderes  Van  Duzeei  Reut.  (n.  sp.,  p.  i.) 

Common  at  Mandeville  and  also  taken  at  Balaclava  and 
Kingston.     Closely  resembles  atratus  Dist. 

Pycnoderes  angustatus  Reut.  (n.  sp.,  p.  2.) 

A  larger  and  more  slender  species  taken  with  the  preceding* 
and  equally  abundant. 

Bryocoris  minutus  Reut.  (n.  sp.,  p.  2.) 

Mandeville,  two  examples.    Aspect  of  a  small  Chlamydatus. 
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Neocarnus  vitreus  Dist. 

Common  at  Mandeville  and  Balaclava  and  taken  also  at 
Monte^o  Bay  and  Hope  Bay.     The  types  were  from  Panama. 

Family  Notonectidae 

Buenoa  antigone  Kirkaldy. 

One  example,  a  female  eight  millimetres  in  length,  was 
brought  into  the  house  at  Mandeville  with  water  from  one  of 
the  cisterns  that  are  everywhere  used  in  that  part  of  the  island 
for  the  domestic  water  supply. 

Family  Fulgorids 
Subfamily  Cixiinse 

Bothriocera  Signoreti   Stal. 

*  I  found  this  species  fairly  abundant  throughout  the  island 
and  have  received  an  example  from  Mrs.  Slosson  taken  at  Bis- 
cayne  Bay,  Florida.  These  specimens  do  not  altogether  agree 
with  Stal's  description  of  this  or  any  of  the  other  known  species. 
The  fuscous  markings  on  the  elytra  form  a  distinct  transverse 
stigmatal  band  followed  by  a  narrow  broken  pale  vitta,  a  round 
subcostal  spot,  and  an  apical  hyaline  vitta ;  the  base  and  sides 
of  the  vertex  and  the  tegulic  are  also  pale.  One  smaller  example 
from  Balaclava  seems  to  approach  bicornis  Fabr. 

Bothriocera  undata  Fabr. 

One  example  taken  at  Mandeville,  April  ist. 

Ollarus  complectus  Ball. 

Apparently  common  throughout  the  island.  These  speci- 
mens were  somewhat  smaller  than  those  taken  in  Ohio,  Colorado 
and  a4  Washington,  D.  C,  now  in  my  collection,  but  they  seem 
to  be  otherwise  identical. 

Myndus  crudus  n.  sp. 

Form  of  sordadipennis  nearly;  a  little  smaUer  with  a  narrower  vertex 
and  less  expanded  front.  Color  a  uniform  soiled  white.  Carina  of  the  head 
and  marginal  nervure  of  the  elytra  tinged  with  yellow,  the  latter  slightly 
embrowned  around  the  apex  of  the  membrane;  discal  nervures  of  the  elytra 
slender,  whitish,  setigerous-punctate;  stigma  scarcely  differentiated.  Ex- 
treme tips  of  the  tibial  spines  and  tarsal  claws  black.  The  anterior  margin 
of  the  mesonotum  has  a  black  cloud  that  shows  through  the  pronotum  but 
is  mostly  hidden  by  the  posterior  margin  of  the  head.  Eyes  black;  ocelli 
orange.  Tergum  in  one  female  slightly  embrowned  at  base  and  along  the 
median  line.     Length  to  tip  of  the  elytra  5  mm. 

3 
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Described  from  two  examples  taken  at  Hope  Baj',  April 
13th,  and  one  from  Troja  taken  the  next  day.  These  insects 
have  the  appearance  of  being  immature  but  on  careful  dxamioa- 
tion  I  believe  they  have  attained  their  full  coloring".  If  a 
deeper  color  is  attained  later  it  is  possibly  a  light  green  as  this 
color  is  faintly  indicated  in  one  example.*  This  species  bears 
some  resemblance  to  radicis  Osborn  but  the  vertex  is  shorter 
and  less  angled  before,  the  eyes  are  much  more  deeply  excava- 
ted below,  the  pronotum  is  narrower,  the  front  is  less  angled  at 
apex,  and  the  whole  insect  is  smaller  and  slighter. 

Brixia  fulgida  n.  sp. 

Size  and  form  of  Cixius  pint  nearly.  Pale  testaceous  yellow;  narrow 
elongated  disk  of  the  pronoton  either  side  of  the  middle  and  the  scutellum, 
its  extreme  tip  excepted,  brilliant  metallic  green;  elytra  entirely  hyaline, 
slightly  tinged  with  smoky  and  exhibiting  brilliant  green  reflections  by 
oblique  light;  nervures  brown,  the  marginal,  especially  on  the  costa,  heavy 
and  fuscous.  Tergum  mostly  black.  Slender  edges  of  the  facial  carina, 
basal  joint  of  the  antenna?,  broad  inferior  margins  of  the  clypeus,  lineations 
of  the  femora  and  the  anterior  and  intermediate  tibia;  and  tarsi,  fuscous  or 
black.     Length  to  tip  of  the  elytra  5  mm. 

Described  from  two  examples  taken  at  Mandeville  on  March 
30th,  from  pimento  bushes.  In  this  species  the  vertex  is  narrow, 
almost  linear,  but  a  little  widened  at  base.  So  far  as  I  am 
aware  this  is  the  first  recognition  of  genus  Brixia  from  America. 
Its  nearest  American  representative  is  Paulia  opposita  Fabr. 
which  possesses  the  same  brilliant  green  coloring  on  the  scutel- 
lum. In  both  my  specimens  the  apex  of  the  abdomen  is 
wanting. 

Brixia  fuscosa  n.  sp. 

Form  and  size  of  the  preceding.  Pale  testaceous  brown;  tnet^notum, 
abdomen  in  large  ])art,  some  spots  on  the  pleiine  and  the  disk  of  the  front 
black;  clyi)eiis,  carinic  of  the  face,  ])ronotum  and  scutellum,  sides  of  the 
prothorax,  edges  of  the  pleural  pieces,  and  the  legs  paler;  the  latter  with 
some  lineations  and  the  tarsi,  darker  or  fuscous.  Antennae  brown,  basal 
joint  whitish.  I^lytra  hyaline,  slightly  enfumed,  exhibiting  metallic  green 
reflections  by  obliciue  light;  nervures,  about  three  spots  on  the  transverse 
nervures  at  the  base  oi  the  membrane,  and  a  marginal  cloud  at  the  tip  of 
each  apical  nervure,  fuscous  ;  marginal  nervure  strong,  interrupted  with 
white  on  each  side  at  the  first  row  of  transverse  ner\'ures.  Length  to  the 
tip  of  the  elytra  5  mm. 

Described  from  a  single  specimen  taken  at  Mandeville, 
March  31st.     This  species  is  closely  allied  to  the  preceding^  but 


BUFFALO    SOCIETY   OF    I^ATURAL    SCIENCES  35 

is  very  distinct  in  color  and  has  the  front  .broader  above  and  the 
pronotum  wider. 

Subfamily  Tropiduchins 

Tangia  sponsa  Guer. 

Three  examples,  taken  at  Mandeville,  Balaclava  and  Hope 
Bay.  This  is  a  broad  species  of  a  pale  yellowish  green  color 
with  the  head  triangularly  produced,  obtuse  at  apex,  about  as 
long  as  the  width  of  the  head  across  the  eyes.  Elytra  with  a 
broad  costal  membrane  crossed  by  numerous  oblique  veinlets. 

Tangia  cultellator  Walker. 

Taken  at  Kingston,  Montego  Bay  and  Hope  Bay.  This  is 
a  slender  light  green  species  with  the  head  drawn  out  in  a  long 
slender  and  linear  process  fully  twice  as  long  as  the  width  of 
the  head  across  the  eyes.  The  elytra  are  narrow  with  the 
whole  surface  of  the  areoles  minutely  papillate;  costal  mem- 
brane very  narrow.  This  species  closely  mimics  a  DictyopJiora 
in  which  genus  it  was  placed  by  Walker.  The  type  came  from 
St.  Domingo. 

Subfamily  Achilinse 

Catonia  intricata  Uhler. 

Three  examples  taken  at  Mandeville,  April  3d.  Two 
smaller  and  darker  specimens,  probably  males,  have  the  rufous 
tinge  at  the  apex  of  the  costal  area  (^uite  pronounced,  and  agree 
perfectly  with  a  specimen  determined  as  intricata  by  Prof.  Ball 
and  kindly  sent  to  me  for  comparison  by  him.  One  larger 
specimen  has  the  white  granulations  of  the  elytra  much  more 
distinct.  In  all  there  is  a  dark  cloud  at  the  base  of  the  clavus 
bounded  behind  by  a  whitish  transverse  spot,  and  the  wings  are 
dark  smoky  brown  with  fuscous  nervures. 

At  Mandeville  I  took  one  example  of  a  very  pretty  and 
interesting  representative  of  this  subfamily  which-  unfortunately 
had  its  head  eaten  off  by  ants  so  it  is  impossible  for  me  to 
locate  either  the  genus  or  species,  both  of  which  I  believe  are 
new.  It  is  a  short  compact  little  fellow,  4  mm  in  length,  convex 
above,  oblong  in  form,  of  a  piceous  brown  color  with  the  claval 
region  closely  dotted  with  white  and  with  an  oblique  white  line 
at  the  base  and  another  at  the  apex  of  the  costal  area. 
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more  deeply  sinuated  that  in  stnuata.  Front  longer  and  much  narrower 
above,  the  sides  almost  angled  below,  margins  sharply  reflezed,  median 
carina  distinct,  either  side  of  which  is  an  arcuated  pale  line  simulating  an 
intermediate  carina.  Pronotum  about  as  long  as  the  vertex,  strongly  pro- 
duced anteriorly  in  an  obtuse  angle  between  the  eyes,  the  sides  behind  the 
eyes  very  short.  Scutellum  with  three  parallel  longitudinal  carinas  and  an 
abbreviated  oblique  one  on  either  side  which  meet  at  the  anterior  end  of  the 
median  carina  and  are  subpar^llel  with  the  fore  border  of  the  pronotum. 
Elytra  surpassing  the  abdomen  by  nearly  one  half  their  length,  almost 
linear,  the  costa  a  little  expanded  near  their  base;  inner  ulnar  nervure  forked 
beyond  the  middle,  outer  ulnar  and  radial  nervures  simple;  transverse  ner- 
Tures  numerous,  less  so  on  the  clavus  and  costal  area,  membrane  more 
irregularly  reticulated.  Legs  short,  posterior  tibiaj  simple.  Antennae  short, 
about  as  in  Cixius\  first  joint  very  short,  second  longer,  subglobose. 

Color  light  fulvous  brown,  sometimes  darker  on  the  front,  middle  of 
the  scutellum  and  elytra,  the  latter  with  the  costal  area  and  clavus  pale, 
apical  margin  and  a  spot  beyond  the  tip  of  the  clavus  fuscous;  carina?  of  the 
face,  pronotum  and  scutellum  paler,  apex  of  the  clypeus,  base  of  the  second 
antennal  joint,  a  spot  behind  the  eyes,  sides  of  the  genital  pieces  and  tarsal 
claws  black;  two  transverse  bands  on  the  anterior  femora,  a  longitudinal  ray 
on  either  side  of  the  apex  of  the  front  and  some  marks  on  the  abdomen  dark 
brown.     Eyes  dark  brown  or  black;  ocelli  amber  yellow. 

Described  from  numerous  examples.  This  insect  was  abun- 
dant everywhere  on  the  island,  especially  on  Lantana  bushes. 
It  exhibits  considerable  variation  in  the  depth  of  coloring  but  it 
is  quite  distinct  in  its  structural  characters  from  Mexican 
material  I  determine  as  Burmeister's  sinuata^  and  from  Canon 
Fowler's  figure  of  that  species  in  the  Biologia.  I  cannot  find 
that  Burmeister's  genus  or  species  have  either  of  them  been 
properly  described  and  I  have  therefore  included  most  of  the 
generic  characters  in  the  above  description.  Dr.  Melichar  now 
places  this  genus  in  the  Ricaniime. 

Subfamily  Flatinse 

Amphidcepa  plana  n.  sp. 

Much  smaller  than  bivittata.  Of  about  the  same  shade  of  green  over 
the  whole  insect;  a  narrow  dorsal  line,  sometimes  almost  obsolete,  and 'the 
costa  slenderly  pale  or  whitish;  orbits  of  the  eyes,  ocelli  and  tip  of  the  first 
antennal  joint  whitish;  tibice  toward  their  apex  and  the  tarsi,  a  series  of 
concentric  linear  marks  along  the  commissural  and  apical  margins  of  the 
elytra  and  the  oviduct  of  the  female,  brown. 

Front  longer  and  more  nearly  parallel  above  than  in  bivittata.  Pro- 
notum shorter  at  the  sides  and  longer  on  the  middle,  anterior  margin  more 
produced  before,  subconical  and  overlapping  the  base  of  the  vertex,  hind 
margin  almost  truncated,  not  emarginate  as  in  bivittata,  Scutellum  with 
a  small,  abrupt  and  acute  pale  apex.     Klytra  narrower,  costa  not  strongly 
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rounded,  almost  straight  for  a  space  along  the  middle;  nervnres  strong, 
darker  green.     Length  5  mm. 

Described  from  five  examples  taken  at  Rock  Fort,  March 
25th.  This  pretty  little  green  species  is  very  distinct  from  our 
northern  bivittata.  Ainphiscepa  cartilaginea  Stal  from  Brazil  is 
about  the  size  of  this  species  but  is  sufficiently  distinct  in  having 
maculated  elytra,  a  feebly  tricarinated  front,  and  the  vertex 
separated  from  the  base  of  the  front  by  a  transverse  carina,  not 
rounded  as  in  this  species  and  bivittata, 

Acanolonia  Servillei  Spinola. 

One  example  taken  at  Appleton,  April  9th.  This  is  the 
largest  Fulgorid  I  took  on  the  island.  It  was  swept  from  rank 
vegetation  growing  along  the  Siloah  River. 

Orminis  contaminata  Uhler? 

Montego  Bay  and  Hope  Bay,  five  examples.  These  do  not 
agree  well  with  Dr.  Uhler*s  description  and  Prof.  Ball  thinks 
them  distinct.  I  have  not  however  enough  related  material  to 
warrant  me  in  describing  them  as  new. 

Ormenis  ?  albipennis  n.  sp. 

Aspect  of  septentrionalis.  Smaller;  elytra  closely  reticulated  almost 
to  the  apex,  with  but  one  row  of  stronger  transverse  nervures  and  these  fre- 
quently not  prominent;  inner  angle  acute  and  slightly  falcate;  costa  more 
broadly  expanded  at  base,  the  costal  membrane  somewhat  narrower  with  the 
transverse  nervures  less  oblique.  Characters  of  the  head,  pronotum  and 
scutellum  practically  the  same  as  in  septentrionaits.     Length  10  mm. 

.  Color  clear  green,  paler  in  one  example  that  probably  is  immature; 
slender  costal,  apical  and  commissural  margins  of  the  elytra  as  far  as  the  tip 
of  the  clavus,  apex  of  the  tibiae,  tarsi,  and  edges  of  the  genital  segments, 
brown;  the  costal  nervure  within  this  brown  line  narrowlj'  pale.  Wings 
white  with  green  nervures. 

Described  from  two  examples;  a  dark  yellowish -green 
specimen  from  Ivlandeville,  and  a  paler  whitish-green  individual 
taken  at  Richmond. 

Ormenis  ?  albipennis  var.  brevis  n.  var. 

A  smaller  form  measuring  8  mm,  with  the  elytra  propor- 
tionately shorter  and  its  hind  angle  not  at  all  falcate,  about 
right-angled,  was  taken  by  me  at  Kingston,  Mandeville,  and 
Hope  Bay.  In  most  of  these  the  venation  ef  the  elytra  is  some- 
what indistinct  with  the  transverse  nervure  scarcely  discemable. 
Possibly  these  should  not  be  considered  as  a  distinct  variety 
even,  but  the  characters  given  seem  to  be  constant. 
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Ormenis  ?  herbida  Walker?  (List  of  Homoptera  p.  470.) 

Form  of  the  preceding  species  but  smaller  with  the  hind  angles  of  the 
elytra  more  produced  and  falcate.  Pale  green,  each  elytron  with  three  black 
points,  a  pair  placed  obliquely  before  the  middle  and  near  the  claval  suture, 
the  third  about  midway  between  these  and  the  truncated  apex;  the  numerous 
areoles  toward  the  apex  of  the  elytra  more  or  less  conspicuously  marked  with 
brown,  those  about  the  apical  margins  forming  a  regular  series  of  longitudi- 
nal brown  lines  which  become  radiating  at  the  angles;  sometimes  a  few  of 
the  smaller  areoles  on  the  disk  or  toward  the  base  are  also  touched  with 
brown;  tips  of  the  tibise  and  the  tarsi  and  sometimes  the  cheeks  washed  with 
brown. 

Vertex  very  short,  reduced  to  a  thickened  carina  across  the  front  of  the 
truncated  pronotum.  Front  tran&verse,  the  rounded  sides  strongly  reflexed 
and  more  or  less  embrowned,  median  carina  stronjij  a>)ove,  becoming  obsolete 
before  the  clypeal  suture;  this  suture  strongly  impressed  and  nearly  recti- 
linear. Pronotum  rather  long  on  the  middle,  fore  margin  roundedly  trun- 
cated, hind  margin  sub-angularly  concave,  sides  about  half  the  length  of  the 
middle  line.  Scutellum  with  a  prominent  median  cjirina,  the  lateral  carina 
scarcely  indicated.  Elytra  narrow,  costa  almost  rectilinear  l^eyond  the 
basal  third,  the  costal  membrane  of  nearly  uniform  width,  with  strong, 
close-set  transverse  nervures;  apex  straight  or  slightly  concave,  outer  angles 
a  very  little  rounded,  inner  angles  subacutely  prominent  or  falcate.  Length 
5  to  8  mm. 

Description  made  from  twelve  examples  taken  at  Kingston, 
Mandeville,  Balaclava,  Appleton,  Monte^o  Bay  and  Hope  Bay. 
This  species  seems  to  be  common  on  the  island  of  Jamaica.  It 
shows  much  variation  in  size  and  extent  of  the  brown  markings 
in  the  elytral  areoles.  The  three  black  points  on  the  disk  of 
the  cerium  seem  to  be  constant  although  in  some  examples  they 
become  much  reduced.  One  large  individual  shows  a  brown 
line  on  the  claval  commissure 

This  insect  agrees  in  every  respect  with  Walker's  descrip- 
tion of  his  Poeciloptera  herbida  except  in  two  points:  He  says 
the  middle  chest  is  **concave  behind"  which  is  not  true  of  any 
species  of  this  family  unless  he  means  that  the  sides  posteriorly 
are  concavely  arcuated.  He  also  describes  the  fore  wings  as 
'•rounded  at  the  tips".  He  may  have  meant  that  the  apical 
angles  were  rounded,  which  is  partially  true  and  is  a  somewhat 
variable  character;  or  it  is  possiV^le  that  his  sp)ecimen  was 
slightly  mutilated.  His  material  was  from  Jamaica  and  it 
seems  to  me  quite  likely  that  this  is  the  species  he  had  before 
him.  If,  however,  it  :>roves  to  be  distinct  I  would  propose  the 
name  tesfellata  for  the  j>»re'-.';nt  form. 
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Cyarda  Melichari  n.  n. 

(Cyarda  punctata^  Melichar,  Monog.  Acan.  und  Flatideo, 
p.  135,  pi.  7,  fig.,  17.)  This  species  is  well  described  and  figured 
by  Melichar  in  his  Monograph  as  cited  above.  It  was  common 
all  over  the  island  and  especially  about  Kingston  where  I  beat 
it  from  Lantana  bushes. 

I  confess  I  cannot  understand  how  Stal  came    to   locate 
Walker's  West  Indian  species  of  Elidiptera  {punctata,  g'uiana^ 
p2inctifera  and  debilis)  in  Cyarda^  especially  as  he  is  supposed 
to  have  made  his  synonymical  notes  directly  from  Walker's  type 
specimens  at  the  British  Museum.     Walker's  descriptions,  in 
part  at  least,  refer  to  a  Dascalia  mentioned  further  on.      These 
describe  a  broad  winged  form  and  cannot  possible  be  so  con- 
strued as  to  apply  to  a  Cyarda.     Dr.  Melichar  has  evidently 
followed  Stal  in  this  synonomy,  and,  as  he  has  well .  described 
and  figured  the  species  1  think  it  quite  appropriate  that  it  should 
bear  his  name.     Cyarda  difformis.  Walker's  type  species  from 
St.  Domingo,  seems  to  be  quite  distinct  from  this  as  does  also 
aciiminipennis  Spinola  which  is  also  figured  by  Melichar.     Stal 
certainly  had  no  warrant  for  placing  aciiminipennis  as  the  type 
of  this  genus  unless  he  considered  it  to  be  identical  with  diffor- 
viis  Walker,  nor  had  he  the  right  to  place  his  own  name  as 
authority  tor  this  genus.     Walker's  discription  of  the  genus  was 
amply  sufficient  for  its  recognition  and  difformis^   being  the 
only  species  recognized  by  Walker,  must  be  used  as  the  type. 
I  have  received  what  I  believe  to  be  Cyarda  Melicliari  from 
Florida. 

Eurocalia  n.  gen 

Allied  to  Neocerus  Melichar.  Head  with  the  eyes  a  little  narrower 
than  the  pronotuni.  Vertex  short,  transverse,  truncated  before.  Front 
about  as  long  as  broad,  basal  margin  almost  rectilinear,  or  very  slightly 
angularly  concave,  sides  below  rounded  to  the  straight  clypeal  suture.  Pro- 
notum  subcrescentic,  obsoletely  tricarinate.  Mesonotum  moderately  eleva- 
ted, the  flattened  disk  bounded  by  distinct  carinas.  Elytra  about  twice 
longer  than  the  width  of  each,  narrowed  posteriorly  to  a  rounded  apex,  com- 
missural margin  straight;  costal  membrane  much  expanded  toward  the  base, 
about  three  times  the  width  of  the  costal  cell,  its  transverse  nervures 
numerous,  mostly  simple,  along  the  middle  more  or  less  united  by  a  super- 
numerary longitudinal  nervure  which  runs  close  to  the  costal;  longitudinal 
nervures  strong,  united  beyond  the  middle  by  numerous  weaker  transverse 
veinlets;  the  costal  nervure  continued  across  as  a  single  subapical  line  beyond 
which  most  of  the  longitudinal  nervures  are  once  forked;  no  obvious  second 
subapical   line  ;  clavus  with  some  weak  reticulations  toward  the  apex,  its 
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base  granulated;  gibbous  knob  at  the  base  of  the  ulnar  nervures  minutely 
granulated  and  there  are  a  few  scattering  granules  on  the  base  of  the  costal 
membrane.     Posterior  tibiae  bispinose. 

Eurocalia  collaris  n.  sp. 

Pale  greenish  testaceous  tinged  with  fulvous  brown  in  places  especially 
across  the  anterior  margin  of  the  head  and  toward  the  apex  of  the  elytra;  a 
dark  brown  collar  occupies  the  declivous  anterior  margin  of  the  mesonotum 
and  there  is  an  elongated  mark  of  a  paler  brown  color  along  the  commissural 
margin  of  the  clavus;  two  approximate  points  near  the  anterior  margin  of 
the  pronotum,  a  minute  line  on  the  tegulae,  and  a  slender  oblique  line  near 
the  base  of  the  radial  nervure,  black;  two  distinct  points  close  to  the  anterior 
margin  of  the  vertex,  a  dot  behind  each  eye,  two  larger  spots  on  each  latero- 
posterior  margin  of  the  mesonotum,  a  round  dot  toward  the  base  of  the 
corium  close  to  the  claval  suture,  and  two  larger  spots  on  the  apical  third  of 
the  corium  near  the  commissural  margin,  the  posterior  of  which  tends  to 
form  a  broken  vitta  along  the  subapical  line,  dark  brown.  Spines  of  the 
tibiae  and  tarsi  tippetl  with  black. 

Vertex  very  short,  its  anterior  margin  a  little  elevated,  almost  carinate, 
a  little  sinuated  across  the  middle.  Front  with  three  short  basal  carinae 
feebly  indicated,  the  lateral  very  oblique  and  placed  near  the  margins  which 
are  quite  strongly  reflexed;  apex  with  a  transverse  brown  cloud  next  the 
depressed  clypeal  suture;  viewed  from  the  side  the  front  is  quite  strongly 
bent  inward  and  almost  horizontal  beyond  the  middle.  Pronotum  with  a 
very  obtuse  median  carina  which  may  be  traced  as  far  as  the  middle  of  the 
mesonotum,  the  lateral  cariniu  scarcely  indicated,  exterior  to  these  lateral 
carinse  the  surface  is  pitted  with  brown.  Costal  margin  of  the  elytra  slightly 
sinuated  before  the  narrowly  rounded  apex.  Wings  smoky  with  strong 
nervures.     Length  10  mm. 

Described  from  one  example  taken  at  Hope  Bay,  April 
14th.  This  species  will  not  fit  into  any  genus  described  by 
Stal  or  Melichar  although  it  comes  very  near  Neoceriis  of  the 
latter  author.  It  is  not  impossible  that  some  of  the  species 
described  by  Melichar  under  Dascalia  might  be  placed  here. 
His  limitation  of  that  genus  does  not  seem  to  me  to  be  altogether 
the  same  as  that  intended  by  Stal. 

Dascalia  grisea  Fabr. 

Dascalia  grisea  Fabr.  Stal  Hemip.  Fabr.  ii,  p.  112. 
Eiidiptera  punctata  Walker,  List  of  Homop.  ii.  p.  332,  185 1. 
Elidiptera  guiancc  Walker,  List  of  Homop.  ii,  p.  333,  185 1. 
Eiidiptera  punctifera  Walker,  List  of  Homop.,  Supl.  p.  71,  1858. 
Flatoides  lichenosus  Melichar,  Monog.  Flat.  pt.  2,  p.  222,  1902. 

I  think  there  can  be  no  question  as  to  the  correctness  of  the 
above  synonomy.  Dascalia  acuta  Uhler  (Proc.  Enc.  Soc.  Wash  , 
iv,  p.  514,  1901.)  is  a  very  closely  allied  species  if  it  be  not 
identical,  and  we  may  have  to  add  to  this  synonomy  Eiidiptera 


I 


soTKs  ON  ;amaicas  HEUIPTEBA 

actidtHtu  W«Iker  (List  ot  Homop,  ti,  p  331.  1851. >  Tbi» 
■cents  to  be  a  comtnoa  species  tbrougli  the  West  lodiee  and 
toatbern  Plwrida,  I  twai  three  specimens  from  boshes  along 
the  roadside  beyond  Rock  Port  near  Kingston.  March  asth  and 
one  more  at  Hope  Gardens  on  Apnl  1 7th. 

Melichar  seems  not  to  have  recognised  this  species  as  he 
has  redescribed  it  as  Ftaioidti  Ikhtnosus.  He  makes  PmcU- 
oflrra  itHnaiipennis  Stal  the  type  of  Dascatia.  bnt  it  seems 
lo  me  it  would  have  been  better  to  have  taken  the  first  species 
mentioned  by  Stal  as  the  type.  That  woald  have  made  the 
typical  ^oap  tnclnde  those  ii)>ecies  allied  logriira  in  which  the 
apex  of  the  elytra  are  rounded  and  the  costa  straight.  In  pl« 
of  those  with  tnincaicd  vertex  and  sinuated  elytra 
Platohleft  ?  moallla  n.  sp. 

Near  the  precaJiog  bttt  paler  >ttd  mon:  clepreucl  in  form  wiUi  *  nar- 
rowcf  bead  and  nocb  kmget  pronotom.  Heail  much  narrower  tlun  the 
pnraoliun.  Vertex  hardly  half  the  length  uf  the  praQotum:  short  conical: 
iUknt«rior  ftnd  pcmterior  margins  near! j parallel;  \U  diak  strongly  depnsnMl 
iMfOTC  the  obtoae  apex  and  leia  conspicaously  so  cither  side.  Proot  \traf^, 
ovfttc.  me  and  nnc  half  times  as  long  as  broad,  broadest  opposite  the  luwer 
sD^lea  of  the  eyes,  its  base  angularly  prominent,  polished;  (he  disk  quite 
strongly  deprcsseil  leaving  the  laarKios,  including  the  apical,  ptotninently 
reflexed:  clypeua  long- triangular  ynXh  its  narrow  base  straight,  Pronotum 
narrow,  itrongly  produced,  the  uarrow  roanded  apex  advanced  before  the 
aDlvrior  angle*  of  the  eje*,  posterior  edge  moderately  concave,  not  nearly 
rcacfaing  the  posterior  line  oF  the  eyes;  disk  with  a  broad  longitudinal 

(iepren^)!.!]  eilhet  sifle  of  Ihc  iTiir5<!le  l&ivitijr  Ihrei-  v,rry  (.Lliise  'jlightlv  diver- 
gent carina.  Mesonotum  rather  small,  the  disk  flat  and  bounded  either  side 
by  a  low  carina.  Elytra  ample:  rather  more  hoHzDntal  than  in  Dascaiia 
grisea,  almost  parallel  sided;  costa  a  little  wavy  before  the  tip  which  is 
rounded;  costal  membrane  a)M>ut  three  limes  the  width  of  the  costal  areole, 
with  numerous  simple  transverse  nervures;  longitudinal  nervures  strong, 
transverse  velnlets  rather  indistinct,  forming  about  one  subapical  line  which 
is  not  very  prominent;  no  transverse  nervures  in  the  costal  areole,  a  few 
faint  ones  in  the  clavus.  Posterior  tibi;f;  tjispinose.  Base  of  clavus  tuber- 
Color  pate  greenish  grey,  darker  on  the  pro-  and  metanotum  and  base 
of  the  elytra.  Tul>ercular  base  of  llie  front,  vertex,  longitudinal  depression 
oil  the  pronotum.  and  sidL-sof  the  mesonolum.  brownish;  anterior  submargin 
of  the  pronotum  with  a  row  of  about  eiRht  or  ten  black  points  on  either  side 
behind  the  oblique  carinate  anterior  edj^e;  ocelli  large,  set  in  a  red  annolus. 
Elytra  pale  Kfeenish,  siibllyaline,  faintly  clouded  with  smoky  toward  the 
at>e>i;  a  broken  submarginal  commissural  line  on  the  clavus,  a  dot  near  the 
base  of  the  clavus  and  alwut  three  smaller  ones  on  the  tubercular  base  of  the 
elytra,  black;  a  few  intra-venal  dots  around  the  ape\  and  a  suggestion  of  a 
wavy  transverse  line  l>efi)re  the  subapical  line,  brown.     Length  10  mm. 
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Described  from  one  example  taken  at  Mandeville,  April  jd. 
This  is  quite  different  from  any  other  Flatoides  known  to  me 
and  should  perhaps  form  the  type  of  a  distinct  genus. 

Subfamily  Delphacins 

Copicerus  irroratus  Schwarz. 

Not  uncommon  on  various  parts  of  the  island.  I  took  them 
in  greatest  numbers  at  Mandeville  and  Balaclava  but  also  found 
them  about  Kingston  and  at  Troja.  These  are  rather  dark  in 
color  with  the  sides  of  the  pronotum  and  scutellum  embrowned. 
A  larva  taken  at  Balaclava  is  whitish,  dotted  with  fuscous  on 
the  thorax,  wing  pads  and  legs. 

5tenocranus  (?)  saccharivorus  Westvv. 

I  took  several  examples  of  this  insect  at  Mandeville  and 
others  at  Balaclava,  and  at  Richmond  I  swept  them  in  numbers 
from  a  coarse  grass-like  plant  that  might  have  been  a  dwarf 
cane  escaped  from  cultivation.  Unfortunately  these  were 
mostly  destroyed  by  the  ants  on  the  journey  home  but*  enough 
were  left  to  show  well  the  peculiar  characters  of  the  insect.  It 
has  much  the  aspect  of  a  diminutive  Dictyophora.  I  hardly 
believe  this  can  be  retained  in  genus  Stenocranus.  It  seems  to 
me  much  nearer  Tropidocephala  and  may  form  the  type  of  a 
new  genus. 

This  is  a  pale  green  insect  with  the  elytra  long,  subhyaline, 
a  little  embrowned  along  the  inner  margin  toward  the  apex, 
with  the  nervures  green.  The  vertex  is  narrow,  long  conical 
and  produced  about  one  half  its  length  before  the  eyes.  Front 
narrow,  slightly  but  regularly  widened  toward  the  clypeus,  with 
a  prominent  median  carina';  viewed  from  the  side  the  apex  is 
distinctly,  subangularly,  deflected  before  the  eyes.  Ocelli 
brown.  Antennae  conspicuously  lineated  with  black  anteriorly. 
Length  to  tip  of  the  elytra  about  5  mm. 

Peregrinus  maidis  Ashm. 

Appleton,  April  9th,  one  example.  Mr.  G.  W.  Kirkaldy 
founded  this  genus  in  1904  (Ent.  xxxvii,  p.  175)  for  the  recep- 
tion of  the  present  species.  He  reports  it  as  found  throughout 
Queensland  and  on  Hawaii.  The  types  were  from  Florida. 
The  present  specimen  I  swept  from  vegetation  along  the  Siloah 
River  but  its  home  was  doubtless  on  the  sugar  cane  which  was 
largely  grown  all  along  the  river. 
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Macrotomella  n.  g. 

Form  broad  and  stout.  Head  broad,  considerably  narrower  than  the 
mesonotum.  Vertex  short,  strongly  declivous,  rounded  to  the  base  of  the 
front.  Front  broad;  middle  keel  forked  for  its  entire  length  the  two 
branches  passing  over  on  to  the  vertex  where  they  are  curved  outwardly  and 
meet  the  lateral  keels  at  the  hind  margin;  cl3rpeu3  tricarinate.  Antennae 
short,  basal  joint  not  longer  than  broad.  Pronotum  tricarinate,  about  as 
long  as  the  vertex,  truncated  behind,  lateral  carinee  very  oblique,  straight, 
reaching  the  hind  edge  much  exterior  to  the  scutellar  carinse.  Scutellom 
rather  short,  tricarinate. 

This  genus  seems  to  be  most  nearly  related  to  Jassideus 
but  the  vertex  is  not  at  all  five  angled,  being  truncated  before, 
and  the  lateral  carinae  of  the  pronotum  attain  the  hind  niarg-in. 
All  the  carinae  are  strongly  distinguished. 

Macrotomella  carinata  n.  sp. 

Yellowish  testaceous;  carinae  of  the  head,  pronotum  and  scutellum 
white,  bordered  with  black;  deflexed  sides  of  the  pronotum  deep  velvety 
black  narrowly  edged  with  white;  pleural  pieces  with  some  brown  spots. 
Legs  lineate  with  brown  which  becomes  black  on  the  outer  face  of  the 
tibiae.  Abdomen  black  marked  with  pale  on  the  venter.  Elytra  whitish 
hyaline;  nervures  slender  punctured  with  brown,  the  apical  margin  slenderly 
brown.  Wings  almost  as  long  as  the  elytra,  whitish  hyaline;  apical  nervure 
brown,  discal  slender  and  white. 

Vertex  almost  square,  scarcely  surpassing  the  eyes;  carinae  very  prom- 
inent, basal  fovae  obsolete  but  in  their  place  a  short  median  carina.  Front 
broad,  sides  well  rounded,  disk  divided  into  three  almost  equal  compart- 
ments by  the  forked  median  carina.  Median  carina  of  the  pronotum  con- 
tinuous with  that  of  the  vertex;  lateral  running  parallel  with  the  hind  mar- 
gin of  the  eyes.  Sides  of  the  scutellum  rather  deeply  arcuated;  lateral 
carinae  mpderately  divergent.  Elytra  but  little  longer  than  the  abdomen. 
Oviduct  of  the  female  not  exceeding  the  pygofers,  pale. 

Described  from  four  macroplerous  females  taken  at  Rock 
Fort  near  Kingston,  March  25th. 

Pissonotus  delicatus  Van  Duzee. 

This  species  was  described  from  a  single  brachypterous 
female  from  California.  Later  1  received  a  fine  series  of 
macropterous  and  brachypterous  females  from  Mr.  Howard  E. 
Weed  taken  at  Agricultural  College,  Miss.,  and  have  myself 
taken  the  brachypterous  females  at  Grand  Junction  and  Pueblo, 
Colorado,  Riverton,  N.  J.  and  Washington.  D.  C.  All  those 
from  Colorado  and  Mississippi  have  the  apex  of  the  head  con- 
col  orous,  the  basal  joint  of  the  antennae  in  part  black,  and  the 
femora  lineated  with  brown.  Those  from  New  Jersey  are 
darker  in  color  with  the  abdomen  piceous,    but  do  not  differ 
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Otherwise.  The  single  specimen  I  took  at  Washington  has  the 
basal  joint  of  the  antennae  pale  and  the  apex  of  the  head  black. 
While  in  Jamaica  I  took  two  brachypterous  females  at  Balaclava 
and  one  at  Mandeville  that  have  the  basal  joint  of  the^  antennae 
pale  and  the  apex  of  the  head  piceous  as  in  the  Washington 
specimen.  All  these  females  I  believe  to  be  but  variations  of 
one  species.  I  also  took  at  Balaclava  and  about  Kingston  Qve 
examples  of  what  I  take  to  be  the  brachypterous  male  of  this 
species.  These  are  piceous  black,  a  little  paler  on  the  elytra, 
which  are  broadly  bordered  with  white  at  apex.  The  antennae, 
legs,  coxae  in  part,  and  the  apex  of  the  front  are  testaceous- 
yellow  with  the  femora  and  tibiae  lineated  with  fuscous.  The 
genital  segment  is  large  with  the  aperature  oval  and  vertical, 
broadest  below,  with  t!he  basal  angles  deeply  excavated  leaving 
a  prominent  ventral  tooth  either  side ;  the  plates  are  difficult  to 
make  out  but  seem  to  be  short,  ligulate,  slightly  curved  and 
reaching  about  half  way  to  the  anal  tube.  Another  male  taken 
with  these  is  macropterous.  This  has  the  extreme  tip  of  the 
scutellum  white,  the  elytra  whitish  hyaline  clouded  with  smoky 
at  base,  the  nervures  pale  testaceous  and  distinctly  punctate, 
the  marginal  heavy  and  fuscous,  and  on  the  apex  of  the  clavus 
is  an  indefinite  brown  spot. 

I  took  single  examples  of  two  other  species  of  Pissonotus 
but  I  have  been  unable  to  locate  the  species  with  this  material. 

Chloriona  nigrifrons  n.  sp. 

Pale  testaceous  yellow;  carina?  mostly  white.  Eyes,  front,  cheeks^ 
sides  of  the  clypeus,  a  few  small  spots  on  the  pleural  pieces,  claws,  a  mark 
Dn  the  apex  of  the  clavus,  the  apical  margin  of  the  elytra,  some  marks  on 
the  tergum  and  the  sides  of  the  oviduct,  black. 

Vertex  rather  long,  quadrangular,  extending  for  about  one  third  its 
length  before  the  eyes,  basal  fovae  obsolete.  Front  narrow,  a  little  wider 
below,  carinic  pale.  Antenna?  short,  basal  joint  about  half  the  length  of 
the  second.  Pronotum  short  deeply  emarginate  behind,  lateral  carinai 
strong,  curved,  parallel  to  and  near  the  hind  margin.  Scutellum  short,  the 
sides  deeply  sinuated  with  the  apex  large.  Elytra  reaching  the  apex  of  the 
sixth  tergal  segment;  nervures  strong,  punctate,  the  commissural  white 
alternated  with  black  at  the  apex  of  the  clavus. 

Described  from  one  brachypterous  female  taken  at  Rock 
Fort  near  Kingston,  March  25th. 

Liburnia  seminigra  Stal. 

Rock  Fort,  March  25th,  six  examples;  Mandeville,  March 
31st,   two  examples.     These  are  all  males  and  agree  entirely 
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with  Stal's  short  description  except  that  in  some  the  frontal 
fovfle  are  fuscous  or  black  and  the  base  of  the  tergum  is  orange 
yellow.  Two  males  taken  at  Biscayne  Bay,  Florida,  by  Mrs. 
Slosson  differ  only  in  having  the  abdomen,  its  apex  excepted, 
fulvous.  At  Rock  Fort  I  took  with  the  above  males  one 
brachypterous  female  that  I  believe  belongs  here.  This  ag^rees 
with  the  males  in  all  structural  details  bat  it  is  larger  (2  mm.) 
and  entirely  pale  testaceous  tinged  with  yellow,  with  the  frontal 
fova?  and  sides  of  the  tergum  embrowned.  The  base  of  the 
tergum  is  fulvous  as  in  the  male ;  the  elytra  are  faintly  smoky 
hyaline  with  the  marginal  nerv'ure  white ;  oviduct  black. 

Libumia  Andromeda  n.  sp. 

Allied  to  semtm^ra  but  smaller  and  more  brightly  colored.  Head, 
pronotum  and  scutellum  entirely  black,  polished;  clypeos.  breast,  metanotozn 
and  base  of  the  tergum  and  elytra,  orange:  narrow  posterior  and  lateral  edges 
of  the  pronotum  and  extreme  tip  of  the  scutellum  white:  basal  joint  of  tlie 
antenn.v  black,  second  whitish.  Legs  pale  yellow:  apex  of  the  posterior 
femora  and  base  of  the  xXhix  embrowneti.  Elytra  reaching  the  middle  of 
the  tergum,  pellucid,  tingevl  with  orange  at  base  and  white  toward  the  apex. 
marginal  nervures  fulvous,  becoming  fuscous  around  the  apex  and  on  the 
commissure  behind  the  scutellum.  Tergum  orange  at  base,  black  across  the 
middle  and  on  the  siies.  pale  yellow  at  apex.  Venter  mostly  orange,  black 
at  atyfx. 

Vertex  almost  square,  scarcely  projecting  *:efore  the  eyes.  Front 
rather  broad,  a  little  narr  .^we*.:  a':>?ve.  .'isk  transverselv  a  little  convex. 
c-JLr:n.t  not  stro-^rly  ,::!terez::^:e'.i.  ?r:nr:um  <h.'^rt.  lateral  carinje  carved 
bezini  ti'.c  eyr<.  Sc-tellur:  1  l:::'.e  1  .::^er  tlian  the  protict:iin.  Lareral 
cahu.t  'A'lirly  :iver*:rn:.  <l:j.rrcly  .irduel  Areriture  cc  the  rygofers 
r^^uLirly  cvil  a<  in  ..  :-::^-'  :  z:z:<''\z\tr\  ::r?.il.y  -y  the  lateral  teeth 
whijh  dre  rr:^.:  ir  i  n.t  '.r.m.ner.:.  vrztril  :::::h  ^hil'o-w.  ccCuse:  styles 
slin^Tjr  str.n^c'.y  dr:-i:f  1  i:  atcx  '.  .i:r<  zirr.  .v  Trflrv.  anrulariy  truncated. 
at  jpex       LezsTth  :  "  ~ 

1  r  <v:  r.  c c  i  :  r :  n:  :  v ;  r  j.  :.--•-."-''-  "^  :::  .lI  e < ;  one  taken  at 
V.ir.>:rv:l'e  .i" .:  r.r  :  "d.-.ri  :;-  Mr  R  '  J-e:T.-rear  Deriierara, 
^  — ;:-    . ; '_::  J.I1  j..    A  v  r:  1   - .: .    :  .  r  :        7  ~  r    .  .^ ::  e  r  5vec:rzec  has  lire 
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"^  ^  '  "t'  '  -..■- -^ 
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j..-::iz~.e  j.nc  le^  ces- 
x .1 " :  y  1  tf  s  TT  iii.:ri  eaihib it 
::  :l:e  e^yrri  Iz.  some 
.::-e  JLT-ei   :n.   the 


BUEFALO    SOCIETY    OF    NATURAL    SCIENCES  47 

beyond  the  middle.  In  the  other  extreme  the  elytra  are 
hyaline  with  a  fascoas  ray  through  the  middle  from  base  to 
apex  toward  which  it  is  more  or  less  extended  inwardly,  nerv- 
ures  punctate. 

The  only  female  in  the  lot  differs  in  being  fuscous  in  place 
of  black,  with  the  narrow  edges  of  the  pleural  and  ventral  seg- 
ments, hind  edge  of  the  pronotum,  carinae  of  the  vertex,  prono- 
tum  and  scutellum,  and  the  cheeks,  pale.  Antenna?  and  legs 
yellow  as  in  the  male. 

Libumia  albolineosa  Fowler.     (Op.  cit.  p.  135,  pi.  13,  ^^,  14.) 

I  took  three  examples  of  this  pretty  species  at  Kingston. 
Two  of  these  were  swept  from  a  patch  of  a  fine  grass  growing 
m  a  damp  railroad  ditch.  Fowler's  description  of  this  species 
is  very  inadequate  but  his  figure  is  excellent  and  leaves  little 
question  about  the  identity  of  the  species.  There  seems  to  be 
much  variation  in  the  amount  of  black  on  the  elvtra.  In  one 
example  the  whitish  hyaline  areas  on  the  clavus  and  apex  of  the 
costa  are  so  extended  as  to  cover  most  of  the  surface.  In  all 
my  specimens  the  deflected  sides  of  the  pronotum  are  pale  yel- 
low and  the  frontal  carin^c  are  blackish  for  most  of  their  length. 

Libumia  culta  n.  sp. 

Allied  \Si peliucida.  Black,  somewhat  polished;  facial  carina\  slender 
margin  and  carina*  of  the  prouotuni,  apex  of  the  scutelluin,  commissure  of 
the  elytra  on  the  basal  half  of  the  clavus;  basal  foviu  of  the  vertex,  carin;o 
and  slender  margins  of  the  scutellum,  nervures  of  the  elytra  in  part,  antenna' 
and  legs,  testaceous. 

Vertex  as  in  pellucida^  almost  square,  scarcely  produced  before  the 
eyes,  rounded  to  the  front,  the  apical  triangular  fova  more  acute  and  elon- 
gated. Front  narrow,  sides  almost  parallel,  fuva*  deep  black;  second  joint 
of  the  antenntc  hardly  longer  than  the  first,  scarcely  expan<led,  almost 
smooth.  Pronotum  as  long  as  in  pt-iluciiia^  the  lateral  carinjc  less  oblique, 
the  included  area  more  or  less  invaded  with  white.  Scutellum  a  little 
shorter,  more  convex,  with  a  more  slender  apex  and  less  distant  carina\ 
Elytra  almost  hyaline,  a  little  smoky  toward  the  base  and  interiorly  at  ajwx, 
the  nervures  mostly  pale  becoming  blackish  along  the  disk  of  the  corium 
and  toward  the  apex  of  the  clavus,  punctate  and  forked  as  in  pt'llucida. 
Abdomen  piceous,  touched  with  pale  along  the  margins  and  on  the  edges 
of  the  segments  in  places;  the  metapleura  largely  pale.  Length  to  tip  of 
the  elytra  3>^  mm. 

Described  from  two  macropteroiis  females  swept  from  a 
cultivated  field  at  Mandeville,  March  31st. 

Another  form  that  I  believe  to  be  the  brachypterous  form 
of  the  above  I  took  in  both  sexes  at  Rock  Fort  near  Kingston, 
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March  25th.  These  are  tiny  little  things  measuring  scarcely 
more  than  a  millimetre  in  length.  In  the  color  and  characters 
of  the  vertex,  pronotum,  scutellum,  antennae  and  legs  they 
agree  with  them  exactly  except  that  the  lateral  carinse  of  the 
pronotum  are  much  more  strongly  divergent  as  is  usual  in  the 
brachypterous  , forms.  The  elytra,  which  are  considerably 
shorter  than  the  abdomen,  are  smoky  with  the  margins  whitish 
hyaline  interrupted  by  a  conspicuous  black  mark  on  the  apex  of 
the  clavus,  and  with  the  hyaline  border  sometimes  expanded 
over  the  basal  field  of  the  clavus.  In  the  solitary  female 
example  the  elytra  are  nearly  hyaline  with  a  fuscous  cloud  fol- 
lowing the  claval  suture  and  returning  around  the  apical  mar- 
gin, and  the  lower  surface  of  the  abdomen  is  mostly  testaceous- 
yellow.  It  may  seem  strange  to  place  this  insect  as  the 
brachypterous  form  of  a  species  nearly  twice  its  size  and  I  do  so 
with  some  misgivings,  but  most  of  their  characters  are  similar 
and  the  moist  mountain  habitat  of  the  larger  form  may  account 
for  the  difference  in  size. 

Liburnia  humilis  n.  sp. 

Macropterous  form  :  Pale  brownish  testaceous.  Eyes,  tarsal  claws, 
oviduct  of  the  female  and  abdomen  of  the  male  in  large  part  black;  elytra 
subhyaline,  nervures  testaceous  becoming  fuscous  toward  the  apex.  Vertex 
subquadrate,  deflected  before,  basal  fova'  hardly  distinguished,  apical  very 
small.  Front  moderately  wide,  a  very  little  broader  toward  the  apex  which 
is  feebly  angularly  emarginate  at  the  clypeus.  Antenna;  rather  long;  second 
joint  much  longer  and  broader  than  the  first,  distinctly  crenulated  on  the 
edges,  apex  of  the  first  joint  slightly  embrowned.  Pronotum  short  with  the 
hind  margin  strongly,  angularly  concave,  lateral  carinai  strongly  curved. 
Scutellum  large,  deeply  sinuated  on  the  sides,  lateral  carina*  nearly  parallel, 
placed  near  together,  tip  broad  and  obtuse.  Klytra  as  in  pellucida.  .Length 
to  tip  of  the  elytra  3  nmi. 

Brachypterous  form:  similar  to  the  macropterous  but  with  the  front 
somewhat  broader  toward  its  apex  and  the  lateral  carinx  as  usual  more 
strongly  divergent.     Length  2  to  2*2  mm. 

Pygofers  of  the  male  (iuite  deeply  excavated  below,  the  sides  sinuated; 
plates  broad,  strongly  arched  and  almost  meeting  above  near  the  anal  tube. 

Described  from  five  macropterous  examples  representing 
both  sexes  taken  at  Mandeville,  and  seven  brachypterous  speci- 
mens from  Rock  Fort.  This  plainly  ct)lored  little  species  may 
be  distinguished  by  the  larg^e  tibial  spur,  the  broad  straight 
uncolored  front  and  the  large  second  antennal  joint. 
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Libumia  terminalis  n.  sp. 

Macropterous  form:  Pale  fulvo-testaceous;  carinse  of  the  head,  prono- 
tum  and  scutellum  pale,  the  median  conspicuously  whitish;  cheeks,  clypeus 
and  frontal  fovse  fuscous  bordered  with  black  next  the  pale  carinse,  or  their 
entire  surface  may  become  blackish.  Apex  of  the  first  antennal  joint  and 
sometimes  the  base  of  the  second  conspicuously  black;  abdominal  segments 
edged  with  black.  £l3rtra  somewhat  narrower  than  in  pellucida;  hyaline, 
the  punctured  nervures  pale  becoming  fuscous  toward  the  apex.  Head 
broad;  vertex  short,  apical  fova  small;  front  well  narrowed  between  the 
eyes,  sides  subparallel  below;  first  antennal  joint  slender,  about  three 
fourths  the  length  of  the  second.     Length  to  tip  of  the  elytra  3  mm. 

Brachypterous  male:  Similar  to  the  macropterous  but  with  the  front 
a  little  wider  and  paler  and  the  lateral  carinas  of  the  scutellum  more  oblique. 
Length  2  mm. 

Pygofers  of  the  male  roundedly  excavated  below,  the  sides  scarcely 
sinuated;  plates  rather  short,  ligulate,  almost  parallel  or  feebly  divergent,, 
somewhat  incurved  at  apex  against  the  margin  of  the  anal  tube. 

Described  from  eight  macropterous  and  one  brachypterous 
example,  all  from  about  Kingston.  One  of  the  males  has  the 
abdomen  almost  entirely  black.  I  took  at  Mandeville  two 
other  brachypterous  females  that  I  do  not  like  to  place  with 
either  of  these  species  although  they  seem  to  be  very  closely 
allied  to  kumilis. 

Libumia  ?  reducta  n.  sp. 

Macropterous  female:  Pale  testaceous  yellow;  vertex,  face,  antennae 
and  legs  brownish;  carinae  of  the  head,  tip  of  the  second  antennal  joint  and 
margins  of  the  eyes  paler.  Pronotum  and  scutellum  with  a  broad  median 
vitta  bisected  by  the  pale  median  carina,  and  a  broad  lateral  vitta  behind  the 
eyes,  piceous  brown.  Abdomen  and  pleural  pieces  pale  marked  with  dark 
brown,  the  terguni  trilineate  with  pale  brown;  oviduct  black;  mesopleura 
with  a  lateral  round  piteous  spot.  Elytra  yellowish  hyaline  with  a  brOwnish 
vitta  following  the  median  nervure  of  the  corium  to  the  transverse  nervures 
where  it  is  deflected  inwardly;  the  marginal  and  apical  nervures,  the  clava) 
commissure  and  two  vittse  on  the  disk  of  the  clavus  brown. 

Form  broad  with  a  wide  head  and  short  vertex,  the  latter'with  distinct 
fovae;  front  moderately  broad  almost  parallel,  carinae  distinct,  apex  straight; 
basal  joint  of  the  antennaj  almost  as  long  as  the  second.  Pronotum  about 
as  long  as  the  vertex,  truncate  behind,  the  lateral  carinae  divergent,  almost 
attaining  the  hind  edge.  Scutellum  moderately  contracted  at  apex,  sides 
regularly  arcuated,  lateral  carinae  a  little  devergent  at  apex.  Length  3^^  mm. 

Brachypterous  female:  Scutellum  shorter  with  the  lateral  carinae  as 
usual  more  divergent  and  the  sides  nearly  rectilinear.  Elytra  scarcely  at- 
taining the  second  tergal  segment,  dark  brown  with  pale  margins  and  ner- 
vures. The  pronotum  and  scutellum  are  piceous  brown  with  three  pale 
vittae  following  the  carina'. 
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Described  from  one  macropterous  female  taken  from  grass 
in  a  damp  place  by  the  Railroad  tracks  just  west  of  the  station 
at  Kingston,  aqd  a  brachypterous  female  from  Mandeville. 
The  broad  form  and  straight  lateral  carinae  of  the  pronotum  as 
well  as  the  general  pattern  of  marking  separate  this  species 
from  Liburnia  but  I  can  find  no  established  genus  in  which  it 
can  be  better  placed  and  do  not  care  to  found  a  new  genus  with- 
out access  to  fuller  material. 

Liburnia  ?  dorsilinea  n.  sp. 

Size  and  general  aspect  of  Stenocranus  dor  salts  but  with  a  broad  and 
short  vertex.  Dull  testaceous  brown  with  a  whitish  dorsal  stripe  on  the 
vertex,  pronotum  and  scutellum  which  is  continued  slenderly  along  the 
el3rtral  commissure  to  the  tip  of  the  clavus;  elytra  with  a  brown  longitudinal 
vitta,  obsolete  toward  the  base  but  strongly  accenttiated  beyond  the  trans- 
verse nervures;  the  surface  interior  to  this  vitta  darker  especially  toward  the 
apex,  with  the  nervures  fuscous.  Wings  smoky  hyaline  with  fuscous  ner- 
vures. Clypeus,  legs  and  lower  surface  pale  becoming  whitish  on  the  sides 
of  the  venter;  oviduct  black  on  either  side. 

Head  broad  with  a  short  vertex,  the  fovae  poorly  defined.  Front 
moderately  broad,  rectilinear,  scarcely  narrowed  between  the  eyes;  apex 
very  feebly  emarginate,  median  carina  not  strongly  distinguished.  Pro- 
notum short,  posterior  margin  quite  deeply  emarginate,  lateral  carinse  fol- 
lowing the  curve  of  the  eyes.  Scutellum  large  with  the  sides  regularly 
arcuated.     I^ength  to  tip  of  the  elytra  5  mm. 

Described  from  one  macropterous  female  taken  at  Balac- 
lava April  5  th.  In  color  and  marking  this  large  species  bears 
a  striking  resemblance  to  our  northern  Stefiocramis  dorsalis  but 
it  can  at  once  be  distinguished  by  the  short  and  broad  vertex, 
broad  concolorous  front,  and  the  curved  lateral  carinae  of  the 
pronotum.     The  carinae  are  poorly  defined. 

Family  Cercopidse 

Tomaspis  bicincta  Say. 

One  example  was  swept  from  rank  vegetation  on  a  stony 
hillside  at  Mandeville,  ^larch  31st.  In  this  individual  the 
transverse  bands  are  very  faintly  visible.  It  does  not  diflfer 
otherwise  from  specimens  of  var.  ignipccta  in  my  collection 
from  the  United  States  and  Mexico. 

Clastoptera  funesta  Stal  ? 

With  the  preceding  I  took  one  example  of  a  small  Clastop- 
tera related  \,o  protens  that  I  place  with  some  doubt  as  Stal's 
funesta.     It  is  deep  black  with  a  yellow  band  across  the  apex 
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of  the  front,  another  on  the  pronotum,  and  the  base  of  the  sou- 
tellum  is  also  yellow.  The  elytra  have  a  large  square  black 
spot  on  the  middle  of  the  costa  about  which  is  an  arc  of  reddish 
salmon  color  fading  to  hyaline  at  ape±  and  along  the  costa,  and 
to  black  at  base  and  on  the  clavus.  At  the  apex  of  the  costa  is 
the  usual  black  dot.  Legs  whitish  dotted  and  banded  with 
black  on  the  tibiae  and  tarsi. 

Family  Membracidse 

Of  this  family  I  took  what  I  believe  should  be  listed  as  ten 
species.  Five  of  these  I  have  been  able  to  place  with  some 
degree  of  certainty,  the  others  I  have  been  unable  to  locate 
satisfactorily  in  their  proper  genera.  Some  and  possibly  all 
these  doubtful  forms  are  probably  still  undescribed  but  my 
acquaintance  with  this  family  and  the  material  at  my  disposal 
is  much  too  limited  for  me  to  attempt  to  describe  new  forms, 
nor  do  I  know  of  a  student  of  the  family  to  whom  I  could  look 
for  assistance.  I  have  therefore  contented  myself  with  placing 
these  doubtful  species  as  nearly  as  I  could  in  their  proper 
sequence  leaving  their  identification  for  some  future  time. 

Subfamily  Smiliinse 

Acutalis  calva  Say? 

Three  specimens  of  what  I  believe  to  be  this  species  were 
taken  at  Hope  Gardens,  March  27th,  one  at  Mandeville,  April 
3d,  and  one  at  Balaclava.  These  are  a  little  smaller  than  the 
same  species  as  found  in  the  United  States  but  I  cannot  see  that 
they  differ  in  any  other  respect. 

riicrutalis  malleifera  Fowler. 

One  example  taken  at  Hope  Gardens,  near  Kingston,  with 
the  preceding.  This  individual  agrees  with  Fowler's  descrip- 
tion in  every  respect.  It  is  but  little  more  than  half  the  size  of 
the  Acutalis  mentioned  above  but  I  can  see  no  possible  reason 
for  placing  it  in  a  separate  genus.  In  this  specimen  the 
pedicellate  apical  areole  is  reduced  to  a  mere  point  but  is  still 
quite  distinguishable. 

Three  other  species  of  this  subfamily  were  taken  by  me 
that  I  have  been  unable  to  assign  to  their  proper  genera.  One 
of  these,  of  which  I  took  a  good  series,  superficially  resembles 
Trachytalis  isabelUna  Fowler,  figured  in  the  Biologia,  Homop. 
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ii,  pi.  7,  fig.  25.     In  the  female  of  this  species  the  elytra  are 
narrowed  to  an  acute  apex  much  as  in  Polyglypta, 

Subfamily  Damins 

I  took  quite  a  series  of  what  I  believe  to  be  varieties  of  one 
species  belonging  to  this  subfamily.  Of  the  23  specimens  taken 
hardly  two  are  alike.  They  vary  in  size  as  well  as  pattern  of 
marking,  but  all  are  small. 

Subfamily  Centrotins 

Callicentrus  aurifascia  Walker.     (Cat.  of  Homop.  p.  618.) 

At  Montego  Bay  I  took  one  female  that  I  believe  should  be 
placed  here.  This  ^lecimen  has  nearly  the  whole  front  of  the 
thorax  bright  yellow,  and  wants  the  * 'stripe  of  pale  yellow 
down  each  side  of  the  breast"  and  the  * 'bright  yellow  stripe 
each  side  beneath  the  abdomen  *.  It  also  diflPers  in  the  color  of 
the  tibiae  and  in  the  presence  of  the  band  of  white  tonaentum 
on  the  sides  of  the  pleural  pieces.  Pyramba  aurifacies  (n.  gen. 
et  sp  )  Buckton  (Monograph  p.  248.)  is  a  closely  allied  species, 
but  apparently  wants  the  white  spot  on  the  base  of  the  corium 
and  has  the  posterior  process  of  the  pronotum  extended  to  the 
apex  of  the  closed  elytra.  Buckton's  genus  Pyramba  is  cer- 
tainly identical  with  Callicentrus  Stal  but  it  would  not  be  valid 
in  any  case  as  he  gives  no  indication  of  the  characters  on  which 
he  purports  to  found  it.  Buckton 's  Monograph  is  almost  worth- 
less for  determination;  his  figures  are  unrecognizable  and  the 
descriptions,  so  far  as  I  have  had  occasion  to  make  use  of  them, 
are  no  better,  while  his  nomenclature  in  places  is  positively 
weird.  It  would  be  a  boon  to  all  students  of  this  group  if  some 
entomologist  who  understands  the  characters  of  the  Membra- 
cida^  would  go  over  Buckton *s  types  while  they  are  still  acces- 
sible and  tell  us  what  they  really  are. 

Callicentrus  jucundus  Walker.     (Cat.  of  Homop.  p.  620.) 

I  took  one  male  at  Montego  Bay  that  agrees  in  every  essen- 
tial particular  with  Walker's  description.  Another  male  taken 
at  Balaclava,  April  4th,  differs  in  being  a  little  larger,  of  a  uni- 
form ferruginous  brown  color  on  the  head  and  prothorax  and  in 
having  a  longer  and  more  protracted  head  with  its  apex  more 
rounded.  The  legs  also  are  paler  in  color  and  the  humeral 
angles  are  more  rounded  and  prominent.     It  does  not  agree 
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with  any  of  Walker's  other  Jamaican  species  of  Centrotus  and 
is  probably  undescribed. 

Stal  founded  this  genus  for  Centrotus  ignipes  Walker  and 
flavivitta  Walker.  After  a  careful  study  of  the  descriptions 
and  material  accessible  to  me  I  wouid  place  the  following  species 
in  this  genus,  all  from  Jamaica: 

Suprahumeral  horns  broad:      '  .      ^ 

C.  Ignipes  Walker.     Cat.  Homop.,  p.  6i6. 
C,  platycerus  Walker.     Cat.  Homop.  p.  6i8. 
C.  cribratus  Walker.     Cat.  Homop.  p.  619. 
Suprahumeral  horns  slender,  acute : 

Prothorax  marked  with  yellow  vittae : 

C  flavivitta  Walker.     Cat.  Homop.  p.  617. 
C.  aurifascia  Walker.     Cat.  Homop.  p.  618. 
C.  aurifacies  Buckton.     Monog.  p.  248. 
Prothorax  without  the  yellow  vittae : 

C.  jucunc/tis  Walker.     Cat.  Homop.  p.  620. 

Aethalion  nervoso-punctatus  Sign.? 

While  at  Mandeville  I  took  two  examples  of  a  small 
Aethalion  that  is  very  near  Signoret's  species.  A  comparison 
with  Mexican  material  may,  however,  show  it  to  be  distinct. 

In  placing  this  genus  under  the  Membracidae  I  do  not  wish 
to  be  understood  as  passing  any  judgment  as  to  its  systematic 
position.  Perhaps  a  more  logical  arrangement  would  be  to 
place  it  as  a  separate  family  of  equal  rank  with  the  Membracidae 
on  the  one  hand  and  the  Bythoscopidae  on  the  other,  and 
arrange  these  with  the  Tettigonidae  and  Jassida;  in  the  super- 
family  Jassoidea. 

Note:  I  took  at  Mandeville  four  examples  of  a  very  small  brown 
insect  belonging  to  the  Centrotinae  that  I  have  been  unable  to 
locate  in  any  described  genus.  It  is  a  roughly  punctured  little 
fellow,  two  millimetres  in  length,  with  the  basal  one  half  of  the 
elytra  coriaceous  and  punctured.  The  pronotum  is  triangularly 
produced  to  about  the  middle  of  the  abdomen  and  wide  enough 
to  cover  most  of  the  scutellum. 

Family  Bythoscopids 

Agallia  novella  var.  tropicalis  n.  var. 

While  on  the  island  I  took  a  long  series  of  what  I  prefer  at 
present  to  place  as  a  variety  of  this  species.     They  were  most 


tfOTBS   OK    JAMAICAN    HEMIPTERA    ' 

Abundant  at  Mamleville  but  I  took  them  also  at  Balaclava,  S£^ 
Murgftrel'H  Bay,  Hope  Bay,  Richmond  and  Kingston. 
ftrc  nil  itmatler  than  the  species  as  found  in  the  United  States, 
(jjii  to  3  mm.),  the  clypenis  Is  narrower  toward  the  apex,  and'] 
tha  slnuB  of  the  last  ventral  segment  of  the  female  is  much  moreJ 
■hnlluw  with  the  outer  apical  angles  more  produced,  forming  a 
prominent  blunt  toi>th.  The  colors  vary  as  widely  as  in  otU 
northern  form  byt  the  dark  males  differ  from  the  northers 
males  tn  having  the  disk  of  the  pronotum  before  the  middU 
murked  with  n  more  or  less  extended  pale  spot  bisected  by  I 
rather  broad  black  longitudinal  line.  In  novella  from  the' 
United  Slutes  there  is  a  narrow  black  median  line  bordered 
Bither  sido  by  pale  which  may  be  so  extended  as  to  co\-er  nearly 
the  whole  surface.  In  the  dark  Jamaican  males  the  elytra  are 
almost  black  with  a  costal  area,  broadest  at  the  middle.  th« 
clavnl  suture,  an  oval  spot  at  its  base,  an  elongated  angntar 
mark  on  the  claval  commissure  near  its  apex  and  the  daval 
KUrface  within  the  inner  nervure.  pale  yellow,  or  subhyaline  on 
the  costal  area.  In  even  the  palest  females  the  rounded  apex 
of  the  clypeus,  the  lateral  sutures  of  the  front  and  clypens,  the 
anteonal  pits,  two  dots  on  the  vertex,  two  on  the  disk  ot  the 
proootum,  and  the  basal  angles  of  the  scutellum  are  black;  the 
Ci;q]1uU  ucs,  the  satores  of  its  base  with  an  abbreviated  mediaa  , 
Km  from  its  angle,  a  spot  on  the  ocelH.  the  median  Hob  on  ite^ 
pronotum  anteriurU-  and  i  cloud  on  its  anterior  marvfins  behind 
the  eye  are  ferruginous,  and  in  darker  examples  become  black. 
In  the  paler  examples  the  etytra  are  yellowish  hyaline,  faintly 
smoky  at  apex,  with  pale  ner\-ures,  between  which  are  indica- 
lions  of  fuscou^i  lines. 

The   study  of   material    from    intermediate    localities   may 
"  majic-  it  advisable  to   ra:se  this   r'onn   to  specific  rank  but  its- 
present  assignment  w.;;  ser\-e  to  show  i:i  artinity  with  novella. 
.Ag;altia  lingula  n.  sp. 

.\';ii;'!  CO  vi-,    ..i  ";ut  -vhh   :iit  vtrrre-i   perilous  .1  little  more  ongalsttd 

siiti-s  uJorH  <irvn^!-    irc'.i;iie't,    '.\ve  ");i,-^,ii   iuf.irt-s  mee'.ini^  in  a  more  obtnac 
iunle.   -I'lit   ■.v.i:ii:ii'.j     lie   iliarr   neiii.iii   iini-   r'lnnniii  from  the  apex  of  the 

■v,i:v  \w\  ■:.:•:' <r  ^      i-Mi-.t-r     \\.r.\     -i    -'.lo    "  nii,i:i.-4n    'iit-.v.   of   novella.     LaM 
iin.-il  -t-.;'rn:n;     [  "1:^    ,-:r..i.,-  ..i.ir      i-.i:!!;,!:.';.  v.-.l;    i  sientier  Ifgnlatt - pCO- 

l'i,i-i    t1   'I.  ■■        ,■     ■-:■.'-:  ■:  '.e-;  >:r.T.',,>i   ui.L    iv-.,-,>s   u-.iLt,      Length  scant  3  mm. 
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Color  pale  brownish  testaceous  becoming  more  yellowish  on  the  head 
apex  of  the  scutellum  and  legs;  vertex  with  a  round  black  dot  over  each 
ocellus;  the  latter  placed  on  a  brown  dot;  sutures  of  the  face,  apex  of  the 
clypeus,  pleural  pieces,  some  marks  on  the  haae  of  the  vertex  and  the  disk 
of  the  tergum,  black.  Front,  except  the  middle  line,  some  obscure  marks 
on  the  apex  of  the  vertex,  a  lobate  oblique  ^pot  either  side  of  the  anterior 
margin  of  the  pronotum,  and  the  base  of  the  scutellum  ferruginous  brown; 
from  either  lateral  angle  of  the  pronotum  an  indefinite  pale  ray  follows  the 
anterior  margin  and  invades  the  lobate  brown  mark;  disk  of  the  pronotum 
discolored  posteriorly,  the  pale  color  forming  a  triangular  spot  with  its  apex 
resting  on  the  base  of  the  vertex.  Elytra  brown,  almost  unicolorous,  a 
little  darker  along  the  commissural  ntargin  and  apex,  nervures  pale;  ner- 
vures  of  the  wings  fuscous. 

Described  from  one  male  and  two  female  examples  taken 
at  Montego  Bay,  April  7th.  This  species  may  be  distinguished 
from  novella  by  its  wanting  the  black  dots  on  the  pronotum  and 
scutellum,  and  by  its  having  those  of  the  vertex  a  little  farther 
apart ;  the  pale  color  of  the  pronotum  also  is  differently  arranged 
forming  a  triangular  mark  on  the  disk  anteriorly  in  place  of  a 
pale  area  either  side  of  a  median  dark  line.  The  form  of  the 
last  ventral  segment  of  the  female  is  also  quite  distinctive. 

Agallia  basiflava  n.  sp. 

Allied  to  sanguinolcnta.  Front  broader  and  shorter  than  in  novella 
with  the  sides  more  deeply  sinuated  below  the  eye;  clypeus  narrower  and 
more  nearly  linear.  Last  ventral  segment  of  the  female  long,  obtusely  tri- 
.  angular,  the  apex  truncated  or  slightly  emarginate.  Valve  of  the  male 
longer  than  in  the  preceding  two  species,  plates  broad  and  short,  forming 
an  obtuse  triangle  with  its  sides  feebly  sinuated  and  its  apex  rounded. 
Length  3  mm. 

Color  pale  ferruginous  brown;  face  with  two  dots  placed  on  the  ocelli, 
two  others  above  these  on  the  vertex,  antennal  pits,  and  sutures  of  the  front, 
black;  cheeks  broadly  whitish,  subhyaline;  orbits  of  the  eyes,  a  large  quad- 
rate median  spot  on  the  vertex,  excepting  the  median  line  and  including  the 
four  black  points,  a  bilobate  median  vitta  on  the  front  and  the  sides  of  the 
clypeus  basally,  pale  cream  white.  On  the  pronotum  is  a  pale  border  to  the 
dark  median  line  meeting  in  front  and  produced  either  side  in  a  curved  wing- 
like mark  that  does  not  quite  attain  the  latero- posterior  angle.  Scutellum 
with  a  black  spot  within  the  basal  angles  and  three  approximate  pale  spots 
on  the  apical  field,  the  larger  of  which  occupies  the  apex.  Elytra  pale  brown 
clouded  with  darker,  especially  at  apex  and  in  an  indefinite  oblique  vitta 
before  the  middle;  anterior  to  this  oblique  vitta  the  nervures  are  broadly 
yellow,  behind  they  are  mostly  pale  with  a  few  brown  interruptions.  In 
pale  exanii)ks  the  oblique  vitta  is  indicated  by  a  sagitate  blackish  mark 
before  the  apex  of  the  clavus.  Pleural  pieces  and  base  of  the  abdomen 
blackish;  produced  tip  of  the  ultimate  ventral  segment  of  the  female  brown- 
ish.    Legs  pale,  the  posterior  tibiit  dusky  beneath. 
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Described  from  one  pair  taken  at  Balaclava,  April  5  th, 
another  example  taken  with  these,  and  two  others  from  St. 
Margaret's  Bay,  April  12th.  This  species  may  best  be  dis- 
tinguished from  novella  tropicalis  by  its  wanting  the  black  dots 
and  median  line  on  the  pronotum  and  the  black  apex  of  the 
clypeus.  The  yellow  veins  on  the  base  of  the  eljrtra  seem  to 
persist.  The  genital  characters  are  very  characteristic  and  in 
the  female  seem  to  ally  this  species  with  tenella  O.  &  B.  from 
Mexico. 

Agallia  liturata  n.  sp. 

Form  of  constricta  nearly.  Front  broad,  strongly  sinuate  below  the 
antennae,  apex  broad,  abruptly  narrowed  to  the  clypeus  which  is  somewhat 
ovate.  Last  ventral  segment  of  the  female  short  at  the  sides,  the  outer 
angles  a  little  prominent,  the  middle  one  third  produced  and  almost  square 
with  the  apex  broadly  angularly  emarginate.  Valve  of  the  male  transverse, 
appearing  as  an  additional  ventral  segment;  plates  together  triangular,  a 
little  longer  than  broad  at  base,  sides  slightly  sinuated,  apex  obtuse.  Length 
3  to  35^  mm. 

Color  pale  fulvous  brown,  vertex  except  the  median  line  and  another 
near  the  eye,  cheeks,  lorse,  and  the  usual  bilobate  median  vitta  of  the  front, 
pale;  frontal  sutures,  apex  of  the  clypeus  usually,  antennal  pits,  ocelli,  and 
two  dots  above  them  on  the  vertex  black.  Pronotum  with  pale-  marks  form- 
ing two  arcs  beginning  at  the  middle  of  the  anterior  margin  and  diverging 
to  the  center  of  the  disk  where  they  are  deflected  at  right  angles  almost  to 
the  inner  angle  of  the  eye,  behind  which  they  form  an  oval  ring.  In  dark 
examples  the  median  vitta,  a  small  spot  at  the  inner  angle  of  the  eye  and  a 
larger  oval  one  near  the  basal  margin  either  side  of  the  eye  are  deepened 
almost  or  quite  to  a  black  color.  Ground  color  of  the  elytra  brown  on  which 
the  strong  nervures  are  conspicuous,  these  are  connected  by  a  number  of 
supernumerary  transverse  nervures  in  the  marginal  and  apical  areoles  and 
on  the  clavus.  Wings  deep  smoky  brown  with  blackish  nervures.  Scutellum 
pale  with  the  basal  angles  and  a  median  spot  dusky.  Abdomen  pale  with 
the  tergum  darker  and  the  apex  of  the  ultimate  ventral  segment  dusky. 
Legs  pale,  the  posterior  tibiae  embrowned  beneath;  tarsal  claws  deep  black. 

Described  from  fifteen  examples  taken  at  Rock  Fort,  near 
Kingston,  March  25th;  Montego  Bay,  April  7th;  Richmond, 
April  15th  and  Mandeville.  This  species  must  bear  a  very 
close  resemblance  to  Balli  Baker  (described  as  reticulata  by 
Ball;  Psyche,  IX,  p.  127,  1900)  from  Hayti  but  the  very  differ- 
ent genital  characters  will  at  once  separate  them. 

Agallia  scortea  n.  sp. 

Form  of  oculata  nearly,  Vertex  very  short;  face  flat;  front  short  and 
broad,  sides  feebly  sinuated  below  the  eye  and  rounded  to  the  broad  apex ; 
clyj)eus  long,  widened  apically;  lone  rather  wide,  cheeks  strongly  angled  at 
about  their  middle,  not  attaining  the  apex  of  the  lorae.    Pronotum  unusually 
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long,  the  latero-posterior  margins  much  extended,  posterioi'  margins  feebly 
sinuated,  almost  entirely  covering  the  basal  field  of  the  scutelliim.  Blytral 
nervures  inconspicuous,  ultimate  ventral  segment  of  the  female  but  little 
longer  than  the  penultimate,  apex  truncated,  almost  parallel  with  the  basal. 
Valve  of  the  male  inconspicuous,  broad  triangular,  its  apex  truncated,  plates 
hardly  twice  the  length  of  the  valve,  much  shorter  than  the  pygofers  which 
together  with  the  plates  form  a  long  triangular  segment.  Length  3  to 
3>i  mm. 

Color /i  soft  fulvous  brown.  Head  pale  yellow;  two  small  dots  on  the 
vertex  placed  close  to  the  basal  margin  and  wide  apart,  a  larger  angular  spot 
close  to  the  inner  angle  of  the  eye,  a  minute  dot  below  this  placed  near  to 
the  inner  margin  of  the  eye,  the  ocelli  and  antennal  pits,  black;  on  the  apex 
of  the  vertex  is  a  slightly  discolored  patch  on  which  may  be  a  basal  brown 
dash  or  point.  Pronotum  a  little  paler  about  the  borders;  two  small  distinct 
black  dots  placed  well  forward  on  the  disk  and  two  minute  points  close  to 
the  anterior  margin  either  side  of  a  slender  short  median  dash,  dark  brown 
or  black.  Scutellum  yellowish  with  the  minute  acute  tip  deep  black;  the 
incised  transverse  line  brown.  Elytra  pale,  subhyaline,  highly  polished,  the 
nervures  inconspicuous  and  a  little  paler;  across  the  middle  of  the  elytra 
a  darker  band  is  indicated  mostly  by  a  fuscous  cloud  near  the  commissural 
margin  of  the  clavus.  Abdomen  dusky  beneath;  disk  of  the  tergum  black. 
Pleural  pieces  deep  black,  edged  with  pale;  feet  pale,  claws  black. 

Described  from  one  male  and  three  female  examples 
taken  at  Mandeville,  March  29th,  and  Montego  Bay,  April  8th. 
This  very  distinct  form  cannot  be  confused  with  any  described 
species  known  to  me.  A  larger  but  closely  allied  species 
recently  taken  near  Buffalo,  N.  Y. ,  seems  to  be  still  undescribed. 


Note: — Agallia  repleta  n.  sp. 

Male:  General  appearance  of -/7>««^/^/a  Prov.  but  smaller  and  more 
slender.  Clear  brownish  testaceous  tinged  with  fulvous  on  the  face  and  with 
yellow  on  the  scutellum.  Front  rather  strongly  constricted  below  the  eye; 
clypeus  and  a  large  spot  in  the  antennal  cavities  deep  black;  frontal  sutures, 
an  angled  line  bounding  its  base,  an  elongated  curved  line  on  each  side  of 
the  front,  a  dot  on  each  ocellus  and  a  larger  round  spot  above  them  on  the 
vertex  black.  Pronotum  with  five  black  spots  on  the  disk,  one  median  and 
four  forming  a  quadrangle  of  which  the  anterior  are  nearer,  and  on  the 
anterior  border  is  a  black  line  behind  each  eye.  Scutellum  with  a  triangular 
spot  well  within  the  basal  angles  connected  by  another  on  the  incised  line. 
Elytra  fuscous  hyaline  with  the  nervures  pale,  simple.  Beneath  black  with 
the  connexivum  and  genital  pieces  testaceous.  Legs  fulvo- testaceous. 
Valve  very  large,  cut  square  across  the  broad  apex,  plates  small,  triangular, 
subacute.     Length  2%  nim. 

The  female  differs  from  the  male  in  having  the  black  marks  on  the  face 
more  extended  and  in  having  those  of  the  pronotum  represented  by  a  curved 
black  line,  concave  anteriorly,  touching  the  anterior  margin  at  either  end, 
and  faint  indications  of  the  median  and  two  posterior  discal  sjx)ts.     Elytra 
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Pediopsis  elegans  n.  sp. 

Closely  allied  to  z'i'rescens  in  form  but  a  little  smaller;  front  broader 
and  shorter,  as  in  viridis^  but  with  its  sides  straighter  and  apex  broader; 
vertex  longer,  not  as  thin  and  sharply  angled  as  in  virescens;  Pionotum 
minutely  and  almost  transversely  striate;  face  punctured  rather  than  striate. 
Ultimate  ventral  segment  of  the  female  long,  cylindrical,  distinctly  carinate 
along  the  median  line;  the  middle  of  the  hind  edge  on  either  side  drawn  oat 
into  a  slender  subacute  appendage  resembling  the  * 'tails*'  on  some  Papilios. 
Valve  of  the  male  very  small  but  obvious,  plates  long,  convex,  triangnlar, 
their  sides  nearly  straight,  scarcely  sinuated  toward  their  smooth  acute  apex. 
Length,  male  3)4  mm:  female  4  mm. 

Color  in  fully  developed  examples  clear  bright  grass  grem  with  red 
markings  on  the  pronotum.  Pace  clear  light  yellow  above  fading  to  green- 
ish toward  the  mouth,  superior  surface  of  the  vertex  and  pronotum  deeper 
green,  the  latter  with  the  anterior  margins  and  median  line  posteriorly  clear 
blood  red,  the  hind  edge  narrowly  pale  reddish;  scutelliim  tinged  with  yel- 
low on  the  basal  angles  and  apex.  Elytra  somewhat  smoky,  the  costa  and 
commissural  nervures  green.     Connexivum  light  yellow. 

Described  from  nine  examples,  representing  both  sexes, 
taken  at  Mandeville,  March  29th  to  April  3d.  These  were 
beaten  from  bushes  the  names  of  which  I  did  not  leam.  When 
fully  colored  this  is  a  most  beautiful  little  insect.  In  immature 
examples  the  red  color  is  barely  indicated  by  paler  marks.  The 
males  are  smaller  with  darker  elytra  than  the  females.  The 
form  of  the  ultimate  ventral  segment  of  the  female  is  very  dis- 
tinct from  anything  I  have  before  seen  in  this  genus. 

Family  Tettigonidffi 

Tettigonia  histrio  Fabr. 

This  seemed  to  be  a  common  species  at  some  localities.  I 
took  it  in  numbers  in  a  dry  ravine  at  Montego  Bay  and  in 
smaller  numbers  at  Kingston.  Some  of  these  individuals  are 
suffused  with  red  as  indicated  by  Stal  in  his  description  in  the 


rather  deeper  colored  with  the  pale  nervures  heavier  and  more  conspicuous. 
Last  ventral  segment  short,  cut  almost  scjuare  oil  behind,  but  little  longer  at 
the  middle  than  at  the  sides:  pygofers  rather  thick  toward  their  apex, 
unarmed. 

Described  from  one  pair  taken  on  the  island  of  Trinidad  by 

Mr.  Chipnian.     This  genus  appears  to  be  well  represented  in 

the   tropics.      Messers    Uhlor.    Osborn.    Ball    and    Baker   have 

described   quite   a  lari^e  number  from    Mexico  and   the   West 

Indies  and  five  UKjre  are  nere  added,   all  of  which  seem  to  be 

sufficiuntlv  distinct. 
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Hemip.'  Fabriciana.  In  many  however  this  color  is  scarcely 
indicated  and  in  others  it  is  confined  to  one /Or  more  elytral 
areoles.  In  two  examples  from  St.  Margaret's  Bay  the  black 
lines  are  much  reduced,  making  them  very  close  to  7*.  fausta 
Walker,  from  St.  Domingo. 

Tetti^nia  hUtrio  var.  sanguinipes  n.  var.. 

Color  deep  black.  Head  pale  With  two  broad  black  vittae  that  extend 
over  the  vertex  and  meet  at  the  apex  of  the  front  where  they  form  a  single 
median  vitta  on  the  clypeus;  cheeks  with  a  black  vitta  below  the  antennae 
and  a  broken  one  below  the  eye.  Pronotum  black  with  three  longitudinal 
bands  and  the  lateral  margins  pale.  Scutellum  black  with  a  median  basal 
spot  and  the  broad  apex  pale.  Elytra  black;  corium  marked  with  four  pale 
spots  forming  incomplete  transverse  vittse;  the  apex  smoky  hyaline;  clavus 
,  with  four  pale  spots,  the  two  apical  elongated,  near  the  commissure.  Wings 
almost  black,  highly  iridescent.  Breast,  abdomen  and  legs  sanguineous 
marked  with  black  on  the  pleural  pieces  and  disk  of  the  abdominal  segments, 
apex  of  the  tibiae  and  tarsi  and  frequently  the  middle  of  the  femora  black  or 
fuscous.  In  some  specimens  the  pale  markings  are  deeply  suffused  with 
sanguineous,  the  face  may  be  almost  entirely  pale  and  the  other  pale  mark- 
ings may  be  so  extended  as  to  show  clearly  its  relationship  with  histrio. 
Through  the  varieties  figured  on  plate  15,  figures  28  and  29  of  the  Biologia 
there  seems  to  be  a  direct  connection  between  histrio  Fabr.  and  5/<z//>Sign. 
The  present  variety  appears  to  be  an  extreme  form  even  more  distinct  than 
Stalii,  but  the  genital  characters  are  the  same  and  I  cannot  feel  justified  in 
describing  it  as  a  new  species.     Length  7  mm. 

This  variety  was  common  especially  in  the  more  elevated 
and  moist  localities.  It  was  abundant  at  Mandeville  and'  I  took 
it  at  Balaclava,  Appleton,  Richmond,  Hope  Bay  and  St.  Mar- 
garet's Bay.  I  did  not  find  it  either  at  Kingston  or  Montego 
Bay. 

Tettigonia  macrocephala  n.  sp. 

Somewhat  allied  to  gothica  but  with  a  smaller  and  much  more  slender 
body.  Head  large,  much  broader  than  the  pronotum.  more  rounded  before 
than  in  gothica;  clypeus  more  convex.  Pronotum  narrower,  about  one  third 
longer  than  the  vertex,  almost  semi-circular  before,  feebly  concave  behind, 
valve  of  the  male  large,  rounded  behind;  plates  narrow,  subacute  at  apex. 

Color  pale  yellow  tinged  with  fulvous  on  the  sides  of  the  vertex  and 
with  testaceous  on  the  pronotum.  Vertex  with  a  broad  pale  median  vitta, 
angularly  expanded  before  the  ocelli,  bordered  by  a  brown  line;  behind  the 
ocelli  is  a  short  brown  line  and  exterior  to  them  a  brown  cloud,  temples  with 
a  blackish  spot  on  the  line  between  the  face  and  vertex,  apex  of  the  head 
with  a  round  black  spot  either  side  of  which  the  frontal  stride  are  marked 
with  brown  where  they  encroach  upon  the  vertex.  Face  pale  with  a  short 
longitudinal  brown  vitta  on  the  apex  of  the  front  and  extending  over  on  to 
the  base  of  the  clypeus;  cheeks  with  a  brown  cloud  beneath  the  eyes.     Pro- 
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notum  clouded  in  places  and  marked  with  two  broken  longitudinal  lines 
continuing  those  on  the  vertex,  a  short  curved  line  behind  the  inner  angle 
of  the  eye  and  the  latero-posterior  margins  dark  bro¥m.  Scntellnm  pale 
with  the  basal  angles  and  a  transverse  line  faintly  bro¥m.  Elytra  dull 
sanguineous,  the  apex  subhjraline  clouded  with  fuscous;  costa  greenish  yel- 
low toward  the  base,  nervures  dark.  Wjngs  deep  smoky  hyaline.  Abdomen 
yellow  beneath,  connexivum  sanguineous,  breast  and  legs  pale  yellow, 
mesostemum  with  a  blackish  cloud;  tibise  dotted  with  brown.  Length 
4>^  mm. 

Described  from  five  examples  taken  at  Montego  Bay,  April 
8th.  This  species  seems  somewhat  closely  allied  to  compta  and 
tunicata  Fowler,  figured  on  plate  i8  of  the  Biologia,  but  it  is 
smaller,  has  a  broader  and  more  rounded  head  and  the  mark- 
ings on  the  vertex  and  pronotum  are  quite  different. 

Tettigonia  similis  Walker. 

This  pretty  little  green  insect  was  common  everywhere  on 
the  island.  I  took  it  at  Kingston,  Mandeville,  Balaclava,  Mon- 
tego Bay  and  St.  Margaret's  Bay.  As  pointed  out  by  me  in 
Ent.  News  (v.  p.  155,  1894)  Signoret  wrongly  identified  this 
species  with  HelocJiara  communis  Fitch  in  which  error  he  was 
followed  by  Walker  in  1858. 

Tettigonia  fuscollneella  Fowler. 

Another  common  species  which  I  took  at  many  places  on 
the  island.  Prof.  E.  D.  Ball  in  a  letter  to  me  considers  this  as 
a  mere  variety  of  bifida  Say,  in  which  he  is  probably  correct. 
It  has  however,  a  shorter  head  and  the  markings,  which  seem 
to  be  constant,  are  somewhat  different  on  the  head  and  prono- 
tum, and  in  a  faunal  list  it  can  do  no  harm  to  place  it  under  a 
distinctive  name.     Canon  Fowler's  material  was  from  Mexico. 

Drasculacephala  sagittifera  Uhler. 

I  found  this  tiny  species  not  uncommon  about  Kingston  and 
took  it  also  at  Montego  Bay  and  Hope  Bay.  This  is  the  smallest 
Tettigonid  known  to  me.  Some  of  the  smaller  males  measure 
but  3  mm.  to  the  tip  of  the  closed  elytra. 

Xerophloea  viridis  Fabr. 

Not  uncommon  about  Kingston  and  taken  also  at  Rich- 
mond, Mandeville  and  Montego  Bay.  Most  of  these  specimens 
were  of  a  clear  li^ht  bluish -green  color  but  a  few  were  washed 
with  brown  f>n  the  pronotum,  scutellum  and  elytral  commissure. 
I  believe  Osborn  and  Ball  were  quite  right  in  placing  grisea 
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Grerm  ,  virescens  Stal,  and  peltata  Uhler  as  synonyms  of  this 
species.  X,  viridis  2Xi^  peltata^  the  two  forms  I  have  examined, 
while  variable  seem  to  exhibit  no  differences  of  specific  value. 

QytK>na  unicolor  Stal. 

Prof.  Ball  doubtfully  determines  this  as  unicolor  and  I  can 
see  no  good  reason  for  changing  it.  The  hind  margin  of  the 
last  ventral  segment  of  the  female  is  rather  broadly  and  deeply 
excavated,  a  character  that  would  ally  it  with  Germart  Stal. 

I  took  this  species  at  Kingston,  Balaclava,  Montego  Bay 
and  St.  Margaret's  Bay.     It  was  taken  singly  on  bushes. 

Qypona  nupera  n.  sp. 

Female  :  Most  nearly  allied  to  IVaiiengreni  Stal  and  nana  Fowler. 
Above  dark  testaceous  brown  inclining  to  olivaceous;  beneath  pale  yellow. 
Head  short,  about  as  wide  as  the  pronotum.  Vertex  of  about  equal  length 
acrbss  its  whole  width,  incised  median  line  and  a  dot  on  the  hind  margins 
almost  behind  each  ocellus  black;  ocelli  sanguineous,  placed  before  the 
middle  of  the  vertex  and  about  equally  distant  from  one  another  and  from 
the  eyes;  anterior  edge  of  the  head  well  rounded  to  the  front,  transversely 
striated  or  furrowed,  the  striae  straight,  simple.  Front  broad  and  short, 
strongly  and  convexly  narrowed  to  the  apex,  base  feebly  but  distinctly 
transversely  depressed.  Clypeus  rectangular,  about  one  third  longer  than 
broad;  cheeks  broad,  slightly  tinged  with  green.  Pronotum  about  two  and 
a  half  times  the  length  of  the  vertex,  strongly  transversely  striate;  anterior 
margin  paler  marked  with  a  pair  of  approximate  black  dots  at  the  middle 
and  a  curved  brown  line  and  a  few  points  on  either  side;  lateral  margin  nar- 
rowly yellow,  bordered  within  with  fuscous.  Scutelluni  with  the  curved 
incised  line  fuscous.  Elytra  rather  short,  nervures  pale  dotted  with  fuscous, 
basal  one  fourth  of  the  costa  pale  yellow,  bordered  within  by  a  fuscous  line 
which  beyond  runs  along  the  costal  margin,  where  it  is  dotted  with  pale,  to 
the  apical  third  and  is  expanded  inwardly  over  the  apex  of  the  costal  areole; 
beyond  this  brown  cloud  is  a  clear  spot  followed  by  a  fuscous  one  on  the  tip 
of  the  first  apical  areole;  elytral  appendix  and  two  or  three  commissural 
marks  brown.  Wings  almost  black.  Tergum  ferruginous,  the  incisures 
slenderly  pale.  Legs  whitish,  the  tarsal  spines  and  claws  brown.  Last 
ventral  segment  a  little  longer  than  the  preceding,  the  apical  margin  broadly 
concavely  arcuated  with  a  median  notch  barely  indicated.     Length  7  mm. 

Described  from  one  female  taken  at  Mandeville,  April  3d. 
I  cannot  identify  this  species  with  any  description  known  to  me. 
The  short  vertex,  testaceous  brown  color,  with  dotted  nervures 
and  costa,  the  latter  marked  with  a  yellow  base  and  spot  toward 
the  apex,  and  the  yellow  and  fuscous  lines  on  the  sides  of  the 
pronotum  and  base  of  the  costa  will  most  readily  distinguish  it. 
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Family  Jassida^ 

Spangbergiella  vulnerata  Uhler. 

.  I  took  about  eight  examples  of  this  pretty  species  at  Mande- 
ville,  Kingston  and  Richmond.  These  have  the  red  dorsal 
lines  quite  widely  dislocated  where  they  pass  from  the  prono- 
tum  to  the  vertex.  From  the  descriptions  and  figures  I  have 
seen  of  this  species  I  gather  that  usually  these  lines  are  nearly 
continuous  and  not  so  closely  approximated  anteriorly. 

Xestocephalus  pulicarius  Van  Duzee. 

I  took  at  Montego  Bay  one  rather  large  clearly  iharked 
female  that  certainly  belongs  to  this  species.  It  was  swept 
from  the  short  grass  growing  along  the  roadside  just  east  of  the 
village.  This  individual  has  a  large  quadrate  dark  spot  on  the 
costa  beyond  the  middle  and  a  narrower  one  nearer  the  base. 
The  form  of  the  last  ventral  segment  differs  in  no  wise  from 
that  found  in  material  taken  in  the  United  States. 

Xestocephalus  brunneus  n.  sp. 

Female:  Color  a  rich  soft  brown  becoming  paler  on  the  head  and  legs; 
abdomen  piceous  with  the  pygofers  paler  at  base.  Vertex  short  and  more 
rounded  than  in  pjtlicarius,  with  the  front  immaculate  except  for  a  small 
pale  dot  above  the  ocelli.  Pronotum  short,  distinctly  transversely  striate,  a 
little  paler  behind  the  eyes,  otherwise  immaculate.  Scutellum  slightly 
paler  on  the  disk,  the  transverse  incised  line  dark.  Elytra  paler  beyond  the 
middle,  scarcely  maculated  at  base,  the  discal  transverse  nervures  of  the 
corium  and  a  dot  at  the  tip  of  each  claval  nervure  obsoletely  paler;  a  quad- 
rate spot  on  the  middle  of  the  costa,  a  smaller  and  darker  one  beyond  this, 
and  the  broad  apex  darker,  the  sutural  margin  with  two  pale  spots  beyond 
the  clavus  and  there  is  another  opposite  to  these  on  either  side  of  the  costal 
spot.  By  transmitted  light  the  disk  of  the  corium  shows  faint  indications 
of  some  of  the  paler  spots  found  in  pulicarius.  Wings  smoky  hyaline, 
iridescent.  I'ltimate  ventral  segment  short,  anterior  and  posterior  margins 
parallel,  leaving  the  apex  sul)angularly  concave,  the  median  notch  found  in 
the  allied  species  scarcely  indicated;  pygofers  ])ro]K)rtionately  shorter  and 
broader  than  in  the  allied  species.     Length  about  2  mm. 

Described  from  a  female  example  taken  in  a  small  dry 
gully  at  Monte^^o  Bay,  April  7th,  and  another  female  taken  at 
Kingston,  R.  I.,  and  kindly  sent  me  by  Prof.  John  Barlow  of 
the  Agricultural  Collej^e  located  there.  The  specimen  from 
Rhode  Island  is  a  little  larger  and  darker  but  seems  to  differ  in 
no  other  way  from  that  taken  in  Jamaica.  The  four  previously 
described  species  in  this  ^enus  show  but  slight  variations  in  the 
form  of  the  last  ventral  segment  of  the  female  and  the  present 
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species  is  no  exception.  I  believe  however  that  brunneus  is  a 
good  species  that  may  be  distinguished  by  its  uniform  rich 
brown  color,  with  the  elytral  maculation  almost  obsolete  except 
at  apex. 

Xestocephalus  omatus  n.  sp. 

Male:  A  little  smaller  than /i///irar/i/j  with  the  vertex  more  produced. 
Clear  light  lemon  yellow.  Byes,  a  small  oval  spot  on  the  anterior  margin  of 
the  pronotum,  a  transverse  band  on  the  base  of  the  scutellum  continued 
across  the  base  of  the  clavus,  a  common  large  quadrangular  spot  on  the 
middle  of  the  elytral  commissure,  bisinuated  exteriorly  and  including  a  cen- 
tral oval  spot  of  the  ground  color,  and  three  points  on  the  costa  opposite  to 
this  quadrangular  spot,  black.  Corium  less  deeply  colored  and  becoming  a 
little  smoky  toward  the  apex,  and  almost  white  exterior  to  the  black  discal 
mark.     Antennae,  legs,  and  lower  surface  of  the  body  whitish. 

Vertex  produced,  obtusely  rounded  at  apex,  its  length  three  fourths  its 
width  at  base.  Pronotum  one  fourth  longer  than  the  vertex,  hind  edge 
rather  deeply  arcuated,  lateral  and  latero-posterior  margins  subequal,  rec- 
tilinear, meeting  at  a  right  angle.  Valve  large,  rouudedly  truncate  at  apex; 
pygofers  one  half  longer  than  the  valve,  subacutely  triangular,  sides  almost 
rectilinear,  surface  armed  with  coarse  white  bristles. 

Female  a  little  larger.  Common  commissural  black  mark  reduced  to 
two  curved  vittae,  connected  posteriorly,  and  including  the  broad  oval  discal 
spot  which  connects  anteriorly  with  the  ground  color.  Last  ventral  segment 
longer  than  the  preceding,  apical  margin  broadly,  angularly  excavated  so  as 
to  be  nearly  parallel  with  the  basal.  Pygofers  strongly  narrowed  toward 
their  apex  and  sparcely  armed  with  white  bristles.     Length  2>^  mm. 

Described  from  two  male  and  two  female  examples  taken 
at  Mandeville.  This  very  pretty  little  species  introduces  a  new 
facies  in  this  genus,  so  far  as  it  is  known  to  me  at  least. 

Xestocephalus  bipunctatus  n.  sp. 

A  little  larger  than  the  preceding.  Soiled  white  tinged  with  yellow  on 
the  scutellum  and  faintly  clouded  with  smoky  toward  the  apex  of  the  elytra. 
These  latter  marked  with  a  conspicuous  black  dot  at  about  the  middle  of 
the  commissural  margin,  a  minute  brown  point  anterior  and  exterior  to  this, 
about  three  l)lackish  dots  on  the  costa,  and  an  obscure  one  on  the  inner 
margin  just  beyond  the  apex  of  the  clavus  which  extends  along  the  trans- 
verse nervure  for  a  little  space.  Face  and  lower  surface  tinged  with  fer- 
rug^inous;  legs  whitish  with  dark  tibial  spines,  the  femora  lineated  with 
brown.  Vertex  obtusely  conical,  its  length  two  thirds  its  width  at  base. 
Pronotum  about  as  in  ornatus.  Last  ventral  segment  of  the  female  and  the 
pygofers  shaped  about  as  in  ornatus^  but  the  former  more  deeply  excavated. 
Pygofers  of  the  male  small,  obtusely  triangular,  armed  with  stout  white 
bristles.  The  position  of  this  male  as  mounted  is  such  that  I  cannot  make 
out  satisfactorily  the  form  of  the  valve  and  plates.     Length  2%,  to  3  mm. 
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Described  from  one  pair  taken  at  Mandeville.  This  is  a 
little  white  insect  with  much  the  aspect  of  a  diminutive  white 
Phlepsius, 

Xestocephalus  BalH  n.  sp. 

Aspect  of  a  small  Euiettix  semiHuda.>  White,  tinged  with  fulvous  on 
the  vertex,  pronotum  and  scutellum.  Front  suffused  with  ferruginous  and 
sending  two  slightly  divergeiit  lines  of  the  same  tint  over  the  apex  of  the 
head  to  about  the  middle  of  the  vertex  where  they  are  deflected  and  end  in 
two  brown  dashes,  anterior  edge  with  a  black  point  close  to  each  eye.  An- 
terior border  of  the  pronotum  with  a  few  brown  marks  and  a  black  point 
behind  each  eye,  disk  with  an  angulated  transverse  pale  brownish  vitta  pro- 
duced anteriorly  on  the  middle  and  deflected  laterally  almost  to  the  posterior 
angles,  disk  posteriorly  with  a  vague  median  cloud.  Scutellum  a  little 
darker  toward  the  base.  Elytra  white,  becoming  a  little  smoky  toward  its 
apex;  marked  before  the  middle  with  a  strong  oblique  angulated  fuscous 
vitta  widened  into  a  large  square  blotch  on  the  middle  of  the  claval  commis- 
sure; behind  this  on  the  costa  is  a  small  dot  at  the  middle,  a  larger  one  on 
the  node  and  another  at  the  first  apical  nervure;  inner  margin  with  a  short 
oblique  fuscous  vitta  just  beyond  the  apex  of  the  clavus,  and  the  transverse 
nervures  beyond  the  middle  are  touched  here  and  there  with  brown.  L^;s 
white;  the  tibise  and  tarsi  spotted  with  fuscous.     Length  3^  mm. 

Described  from  one  female  example  taken  at  Mandeville 
April  3d. 

Platymetopius  loricatus  Van  Duzee. 

Seven  examples  of  a  species  that  I  place  here  with  some 
misgivings  were  taken  by  me  at  Kingston,  Mandeville  and 
Montego  Bay.  Some  of  these  have  the  face  entirely  pale  ydl- 
low,  while  in  others  it  is  quite  evenly  covered  with  obscure 
irrorations,  sometimes  almost  indiscemable,  but  wherever  there 
is  any  darker  color  on  the  face  the  pale  angulated  mark  on  the 
base  of  the  front  is  visible.  The  females  have  the  last  ventral 
segment  about  as  long  as  the  two  preceding  united  and  quite 
strongly,  almost  angularly,  produced  at  the  middle.  The  valve 
of  the  male  is  short  and  broad  and  rounded  behind  and  the 
plates  are  short  and  arcuated,  forming  a  border  to  the  valve, 
with  a  small  acute  apical  prolongation. 

•  Prof.  Ball  has  kindly  sent  me  for  examination  an  insect 
from  the  Island  of  Trinidad  that  I  believe  belongs  to  this 
species. 

Platymetopius  nasutus  n.  sp. 

Form  and  general  appearance  of  loricatus.  Vertex  strongly  produced, 
its  length  about  twice  its  width  between  the  eyes  at  base,  surface  fiat  and 
horizontal.     Front  a  little  wider  toward  the  apex  than  in  loricatus^  the 
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sides  of  the  clypeus  a  little  less  arcuated  and  the  cheeks  broader  and  more 
rounded  outwardly.  Pronotum  unusually  short,  the  hind  margins  feebly 
concave.  Last  ventral  segment  of  the  male  short,  a  little  angularly  exca- 
vated l>ehind;  valve  large,  ovately  triangular,  the  apex  obtusely  angled, 
plates  a  little  longer  than  the  valve,  broad,  sides  nearly  straight,  slightly 
rounded  to  the  blunt  apices,  edges  fringed  with  long  bristles;  pygofers  con- 
siderably exceeding  the  plates,  obtuse  at  apex.  Last  ventral  segment  of  the 
female  short,  broadly  triangular,  at  apex  obtuse;  pygofers  stout,  scarcely 
exceeded  by  the  oviduct. 

Color  dark  fuscous  brown,  vertex  becoming  almost  black  toward  the 
apex,  marked  before  the  eyes  with  a  rather  broad  transverse  white  band  that 
is  slightly  angled  and  is  crossed  by  from  three  to  five  longitudinal  dark  lines; 
slender  edge  of  the  vertex  and  a  spot  at  the  tip  white.  Front  pale  or  clouded 
with  fuscous  with  a  white  mark  at  base.  In  the  female  from  Jamaica  the 
face  is  clear  yellow  clouded  with  fuscous  on  the  cheeks  exteriorly,  within 
which  are  some  sanguineous  irrorations.  Pronotum  and  scutellum  irrorated 
with  pale,  the  former  with  four  pale  longitudinal  lines  indicated,  the  latter 
with  the  extreme  tip  and  two  marginal  spots  on  each  side  pale.  Elytra 
white,  nervures  fuscous,  areoles  rather  strongly  reticulated  and  in  part  irro- 
rated with  brown,  the  oblique  costal  nervures  nine  to  twelve,  strong.  In  the 
male  the  elytra  are  darker  showing  the  usual  white  spots  quite  strongly;  the 
inner  apical  areole  with  a  white  lunule  bordered  with  brown,  which  forms 
an  annulus  when  the  elytra  are  closed  and  is  most  conspicuous  in  the  female. 
Wings  suffused,  with  fuscous  nervures.     Length  4  mm. 

Described  from  one  pair:  a  male  from  Durango,  Colorado, 
received  from  Prof.  Ball,  and  a  female  taken  by  me  at  Mande- 
ville.  In  most  of  its  characters  this  species  is  close  to  frontalis. 
The  longer  and  more  clearly  marked  vertex  and  the  generally- 
paler  colors  may  not  be  characters  of  specific  value.  The  geni- 
talia, while  of  the  same  general  pattern  show  differences  that  it 
seems  to  me  entitle  this  to  specific  distinction.  The  plates  of 
the  male  are  longer  and  more  rounded  toward  the  apex  and  the 
last  ventral  segment  of  the  female  is  shorter  and  more 
triangular. 

Platymetopius  nanus  n.  sp. 

General  appearance  oi  frontalis  but  much  smaller.  Dark  chocolate 
brown  above;  entire  face  pale  yellow.  Vertex  a  little  more  acute  at  apex 
than  in  frontalis  but  similarly  marked  with  an  abbreviated  longitudinal 
pale  dash  at  apex,  two  approximate  parallel  ones  between  this  and  the  eye, 
and  a  pair  of  smaller  ones  at  base  placed  on  either  side  of  the  dark  median 
line;  clypeus  distinctly  longer  than  \n  frontalis,  considerably  surpassing  the 
cheeks,  quite  strongly  constricted  toward  its  base;  lora;  narrow,  outer  edges 
of  the  cheeks  rectilinear.  Pronotum  almost  truncated  before  between  the 
eyes,  very  minutely  and  obscurely  irrorated  with  paler,  and  showing  five 
indistinct  longitudinal  lines  of  pale  points.  Scutellum  with  the  basal  angles 
blackish  and  carrying  a  pale  point  at  the  extreme  tip  of  the  angles,  and 
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another  at  each  basal  angle  of  the  apical  field.  Elytra  with  the  vermicola- 
tions  and  nervures  but  little  darker  than  the  surrounding  sorface,  white 
points  scarcely  obvious  except  three  pairs  along  the  claval  commissure  of 
which  the  basal  are  ver>'  minute;  costal  area  hyaline,  broadest  posteriorly, 
and  crossed  by  eleven  or  twelve  oblique  nervures,  of  which  four  or  five  are 
placed  close  together  near  the  stigmatal  region.  Propleura  yellowish  white, 
polished  like  the  face,  with  a  brown  cloud  anteriorly  and  a  black  spot  on  the 
sternum;  remainder  of  the  lower  surface  grey  varied  with  brown.  Le;gs  pale 
yellow;  tip  of  the  rostrum  and  tarsal  claws  black.  Last  ventral  segment  of 
the  female  pale  at  base  strongly  produced  and  truncated  at  apex;  pygofers 
but  slightly  exceeded  by  the  darker  oviduct.  Valve  of  the  male  very  large, 
semioval,  convex,  the  rounded  apex  pale;  plates  pale,  narrow,  strongly 
sinuated  on  the  sides,  the  short  slender  apicies  and  edges  fringed  with  pale 
bristles.     Length,  male  3  mm;  female  3^  mm. 

Described  from  one  female  taken  at  Appleton,  April  loth, 
one  male  from  Montego  Bay,  and  one  male  taken  along*  the 
railroad  track  just  west  of  the  Kingston  station,  April  17th. 
This  is  the  smallest  Platyinetopius  known  to  me.  It  may  be 
recognized  by  its  close  resemblance  to  frontalis ^  but  the  entire 
face  and  most  of  the  propleura  is  pale  yellow  and  the  form  of 
the  male  genitalia  is  very  distinct. 

Platymetopius  brevis  n.  sp.  ^ 

Most  nearly  related  to/usci/rons  but  smallCT  with  a  still  shorter  vertex. 
Color  above  greyish  testaceous  much  as  in  cinereus  O.  &  B.  Vertex  short, 
triangular  before,  scarcely  more  protiuced  than  in  certain  species  of  Delto^ 
cephalits;  quite  strongly  tinged  with  fulvous;  median  furrow  generally  a 
little  darker,  disk  marked  either  side  by  an  oval  pale  spot  opposite  the 
anterior  angle  of  the  eye  and  a  dart  at  base,  another  pale  line  follows  the 
inner  margin  of  the  eye  a  little  way  from  its  base;  extreme  edge  of  the  head 
with  live  ivory  white  sjx^ts  which  show  above  as  a  median  spot  and  a  ring 
about  each  ocellus.  Pronotum  very  short  at  the  sides  showing  five  distinct 
longitudinal  pale  lines.  Scutellum  tinged  with  fulvous,  the  incised  line 
black;  basal  angles  of  the  apical  field  pale.  I^lytra  with  the  nervures  and 
reticulations  strong,  brown;  the  areoles  with  some  white  spots  and  mostly 
bonlered  with  minute  pale  points;  costal  tieM  broad  with  from  eight  to 
twelve  strong  obli(jue  nervures.  Wings  highly  iridescent.  Face  pale  yel- 
low, closely  covered  with  fuscous  irrorations  which  omit  a  slender  median 
line  and  s<^me  short  arcs  on  the  front  and  most  of  the  clypeus  and  lora?:  base 
of  the  front  with  a  white  point,  sutures  black;  disk  of  the  cheeks  with  a 
small  blackish  oloiul:  clypeus  not  exceediiiLC  the  cheeks,  moderately  widened 
at  apex:  loni-  iar^e.  Heneath  bri)wn.  ]>leural  pieces  edged  wdth  pale,  the 
propleura  with  an  oMiijue  ]>ale  villa.  Le^^s  ])ale  dotted  with  brown.  Last 
ventral  segment  of  the  female  short,  moderately  produced,  with  a  pale  discal 
spot  on  either  side  of  the  median  line;  oviduct  scarcely  longer  than  the 
pvgofers.  blackish  on  the  sides.  Valve  of  the  male  large,  apex  slightly 
ani^'ied  and  a])presse(l,  ])lates  long,  acute  at  a])ex,  their  sides  but  slightly 
sinuatLMl;  black,  frini^^ed  with  black  bristles.     Length  3'^  mm. 
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Described  from  one  male  taken  at  Mandeville,  March  30th, 
and  three  females  from  Kingston.  This  species  may  be  dis- 
tinguished by  its  short  vertex,  the  five  polished  white  dots  on 
the  anterior  edge  of  the  head,  the  infuscated  face  and  the  pale 
point  on  the  base  of  the  front. 

Deltocephalus  flavicosta  Stal. 

Common  and  widely  difetributed  in  Jamaica.  All  the  speci- 
mens brought  home  were  of  the  pale  variety  described  by  Stal 
from  Brazil  and  lately  redescribed  by  Dr.  Uhler  from  St.  Vin- 
cent as  D,  retrorsus.  The  darker  northern  form  described  by 
me  ih  1892  as  D.  flavocostatics  is  probably  identical  with  Stal's 
species,  as  pointed  out  by  Prof.  Baker  some  years  ago,  although 
the  male  plates  are  narrower  and  the  last  ventral  segment  of 
the  female  is  more  produced  and  not  sinuated  as  in  the  southern 
examples.  In  the  United  States  this  form  is  common  through- 
out the  southern  states  and  is  distributed  west  at  least  to  Kansas 
and  Iowa  and  northwardly  to  western  New  York. 

Deltocephalus  senilis  n.  sp. 

Sire  and  general  appearance  of  Sayi  to  which  it  seems  to  be  related  in 
the  form  of  the  facial  pieces,  vertex  and  pronotum.  Vertex  with  the 
anterior  margin  and  median  vitta  ivory  white,  the  former  carrying  six  brown 
points,  one  either  side  of  each  ocellus  and  a  fainter  pair  at  the  tip;  the 
median  vitta  bisected  at  base  by  an  incised  brown  longitudinal  line.  Prono- 
tum with  five  longitudinal  pale  lines  which  may  be  more  or  less  distinct. 
Scutellum  paler  at  tip.  Elytra  a  little  narrower  than  in  Sayi  hM\  of  the  same 
length  and  with  similar  venation;  nervures  pale,  most  of  the  areoles  more  or 
less  distinctly  edged  with  brown  and  a  few  carrying  fuscous  si)()ts;  most  per- 
sistent of  these  is  a  rather  large  one  on  the  sutural  margin  of  the  clavus  a 
little  before  the  middle  and  a  somewhat  fainter  one  on  the  corium  exterior 
to  and  behind  this.  Face  brown,  darker  above;  about  eight  arcs  on  either 
side  of  the  front,  an  indistinct  median  vitta,  a  discal  spot  on  the  clypeus 
either  side  of  the  median  line,  and  the  disk  of  the  lone  and  cheeks  below, 
pale.  Body  and  beneath  brown  varied  with  pale,  the  tergum  in  some 
examples  almost  black.  Legs  pale  more  or  less  distinctly  banded  and 
spotted  with  brown;  apex  of  the  last  ventral  segment  of  the  female  feebly 
bisinuated  forming  three  rounded  teeth,  the  middle  a  little  the  larger.  Valve 
of  the  male  very  short;  plates  short,  rapidly  narrowed  to  a  rather  slender 
point.  Pygofers  prominent  beyond  the  plates  and  armed  with  short  bristles. 
Length  lyi  to  2  mm. 

Described  from  15  examples,  representing  both  sexes,  taken 
about  Kingston  from  March  25th  to  April  17th;  and  one  from 
Richmond  taken  April  15th.  In  the  paler  examples  the  dark 
marginal  dots  on  the  vertex  arc  almost  obsolete  but  the  pair 
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adjoining  the  ocelli  is  always  discemable.  Generally  there  is  a 
fuscous  vitta  on  the  apex  of  the  elytra  which  is  interrupted  by 
the  pale  nervures.  Prof.  Ball  suggests  that  this  may  prove  to 
be  an  extreme  variety  oi  flavicosta. 

Deltocephalus  nigrifrons  Forbes? 

I  took  a  single  male  example  of  what  may  prove  to  be  a 
small  form  of  this  species  at  Rock  Fort,  near  Kingston.  This 
individual  has  the  vertex  distinctly  longer  and  more  angled 
than  in  my  northern  material  of  nigrifrons.  It  may  represent 
a  new  species  but  in  the  present  unsettled  state  of  the  synonomy 
of  this  species  I  prefer  to  leave  it  here  with  a  mark  of  doubt. 

Athysanus  exitiosus  Uhler. 

This  was  a  very  abundant  species  everywhere  I  collected 
on  the  island  especially  at  Richmond  where  I  found  them  in 
great  numbers  on  grass  along  the  roadside.  These  were  smaller 
and  darker  than  those  from  the  United  States,  the  males  in 
particular  sometimes  were  almost  black. 

Eutettix  Balli  n.  sp. 

Form  nearly  of  Johnsoni  but  smaller  with  a  shorter  vertex.  Pale 
testaceous  yellow.  Two  minute  points  on  the  base  of  the  front,  two  larger 
ones  on  the,  ocelli,  a  pair  of  minute  ones  on  the  vertex  between  the  latter,  a 
round  spot  on  each  side  of  the  pronotum  behind  the  eyes,  and  two  marginal 
points  on  either  side  of  the  scutellum,  black.  Elytra  with  a  few  brown 
marks.  Front  rather  narrow  toward  the  apex,  clypeus,  loroe  and  cheeks 
about  as  xn  Johfisoni;  the  antennal  pits  deep  and  marked  by  a  blackish  spot; 
vertex  sloping,  anterior  edge  rounded,  scarcely  longer  on  the  middle  than 
next  the  eye,  hardly  one  half  the  length  of  the  pronotum.  Pronotum  with 
a  transverse  spot  on  the  disk  and  an  angular  mark  anteriorly  bisected  by  the 
nearly  obsolete  pale  median  line.  Anterior  field  of  the  scutellum  with 
minute  brown  points  on  the  middle,  the  edges  a  little  paler  marked  with  two 
black  points  on  either  side.  Elytra  subhyaline,  golden  brown  with  coppery 
reflections  from  the  highly  iridescent  wings  beneath;  clavus  with  a  fuscous 
cloud  at  apex  of  each  areole  and  a  fuscous  point  near  the  base;  cerium  with 
two  fuscous  discal  spots  before  the  middle,  the  anterior  smaller  and  placed 
on  the  transverse  nervure,  apical  areoles  very  slightly  enfumed,  the  inner 
apical  nervure  a  little  infuscated,  base  of  the  two  outer  anteapical  areoles 
with  brown  points.  Breast  and  legs  pale,  the  posterior  tibiae  dotted  with 
brown.  Metanotum  black.  (Abdomen  wanting.)  Length  to  tip  of  the 
elytra  4  mm. 

Described  from  a  single  example  taken  at  Montego  Bay, 
April  8th.  This  very  distinct  species  may  be  known  by  its  pale 
color,  the  four  black  points  on  the  vertex  in  a  transverse  row, 
and  the  two  conspicuous  round  black  spots  on  the  sides  of  the 
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pronotum  behind  the  eyes.  It  affords  me  pleasure  to  name 
this  neat  little  species  for  my  friend  Prof.  Elmer  D.  Ball  who 
has  very  kindly  assisted  me  in  the  determination  of  some  of  the 
•  doubtful  forms  here  enumerated,  and  whose  unfailing  energy 
has  added  so  much  to  our  knowledge  of  the  North  American 
Homoptera. 

Phlepsius  cinereus  Van  Duzee. 

I  found  this  species  in  numbers  on  low  tangled  vinefe  and 
herbage  along  the  roadside  a  little  north  of  the  village  of  Rich- 
mond on  April  15th. 

Acinopterus  acuminatus  Van  Duzee. 

Richmond,  April  15th,  three  examples.  Two  of  these  were 
swept  from  grass  and  weeds  along  the  roadside  in  company  with 
the  preceding  species.  They  seem  to  differ  in  no  respect  from 
our  northern  specimens. 

Scaphoideus  fasciatus  Osborn. 

I  took  two  examples  of  this  species  at  Mandeville,  March 
30th,  and  a  third  from  near  the  railroad  track  a  little  west  of 
the  station  at  Kingston,  April  17th.  These  agree  in  all  respects 
with  a  pair  in  my  collection  taken  by  Mrs.  Annie  Trumbull 
Slosson  at  Biscayne  Bay,  Florida,  and  an  example  taken  by  me 
at  Rivington,  N.  J.  With  the  Rivington  specimen  I  took  what 
I  place  as  the  typical  sanctus  Say.  Prof.  Osborn  has  fully  in- 
dicated the  characters  by  which  these  closely  allied  species  may 
be  distinguished  and  I  quite  agree  with  him  that  for  the  present 
at  least  they  should  be  considered  distinct  species. 

Thamnotettix  colonus  Uhler. 

Taken  at  Hope  Gardens  and  near  the  Constant  Spring 
Hotel  at  Kingston,  at  Mandeville,  and  from  Richmond,  where 
they  were  common  in  a  pasture  on  the  hillside  above  the  town. 
The  types  were  from  the  Island  of  St.  Vincent.  Dr.  Uhler 
placed  this  species  in  genus  Deltocephalus  but  it  seems  to  me 
that  its  affinities  are  rather  with  Thamnotettix  although  the 
front  is  somewhat  broader  than  in  our  more  typical  species. 

Thamnotettix  comata  Ball. 

I  took  numerous  examples  of  this  species  at  Kingston, 
Mandeville,  Balaclava,  Hope  Bay,  and  Richmond.  These 
differ  from  Ball's  description  in  wanting  most  of  the  black 
markings  above  except  the  two  large  round  spots  on  the  vertex 
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and  two  minute  brown  points  between  them  on  the  apex  of  the 
head.  .  I  have  however  in  my  collection  specimens  from  Wash- 
ington, D.  C,  and  Florida  that  were  determined  by  Prof.  Ball 
as  his  cotnata  and  agree  with  these  Jamaican  specimens  in 
every  particular.  Like  the  preceding  species  this  was  described 
as  a  Deltocephalus  but  it  seems  to  me  that  its  affinities  are  with 
Thamnotettix  where  I  prefer  to  place  it.  In  form  and  orna- 
mentation these  specimens  agree  almost  exactly  with  colonus 
Uhler,  but  they  are  much  smaller  and  are  sufficiently  distinct 
in  their  genital  characters.  The  types  of  comata  were  from 
Mexico. 

Thamnotettix  rubicundula  n.  sp. 

Female:  Form  of  placida  Osborn,  nearly,  but  much  smaller.  Pale 
yellowish  tinged  more  or  less  strongly  with  sanguineous.  Vertex  short,  a 
little  longer  on  the  middle  than  next  the  eye,  moderately  sloping,  the  edge 
well  rounded  to  the  base  of  the  moderately  broad  front;  cl3rpeus  narrow; 
cheeks  feebly  angled  below  the  eye.  Sides  of  the  pronotum  short  with  a 
thickened  carina.  Face,  lower  surface  and  tergum  more  deeply  suffused 
with  sanguineous  than  above.  Legs  pale  tinged  with  red,  especially  the 
anterior  pair.  Tergum  black  on  the  disk.  Last  ventral  segment  with  a 
narrow  but  deep  and  rounded  sinus  the  mouth  of  which  is  contracted  by  a 
projecting  tooth,  either  side  of  which  the  apical  margin  is  feebly  sinuated; 
pygofers  stout,  scarcely  exceeded  by  the  oviduct.  Elytra  subhyaline,  ner- 
vures  rather  strong,  pale  sanguineous.     Length  3^  mm. 

Described  from  one  female  example  taken  at  Rock  Fort 
near  Kingston  March  25  th.  This  species  is  so  distinct  from 
anything  known  to  me  that  I  do  not  hesitate  to  describe  it 
from  a  unique  specimen. 

Thamnotettix  fessula  n.  sp. 

Form  of  placida  Osborn  but  much  smaller  with  the  vertex  more  pro- 
duced. Clypeus  slightly  widened  at  apex;  cheeks  broad,  prominently  angled 
below  the  eye,  the  edge  beyond  almost  rectilinear,  forming  a  broad  margin 
exterior  to  the  small  lorae.  Last  ventral  segment  of  the  female  rather  short, 
the  outer  angles  rounded  either  side  of  a  rather  broad  median  sinus,  at  the 
center  of  which  is  a  spatulate  tooth  similar  to  that  found  in  clttellaria^  but 
shorter. 

Color  fulvo-testaceous,  somewhat  paler  on  the  vertex,  scutellum,  ely- 
tral  nervures  and  beneath;  vertex  with  a  slender  median  line  at  base  and  a 
small  oval  spot  just  above  each  ocellus  ferruginous;  the  facial  incisures  and 
a  series  of  arcs  on  either  side  of  the  front  pale  ferruginous.  Eyes,  claws 
and  oviduct  blackish.     Length  4  mm. 

Described  from  a  single  female  specimen  taken  at  Mande- 
villa,  April  3d.  This  species  approaches  Chlorotettix  in  some 
of  its  characters. 
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Chlorotettix  viridia  Van  Duzee. 

Taken  with  the  following  species  at  Riehmond  and  about 
Kingston  but  in  less  abundance.  Its  slightly  larger  size,  deeper 
green  color  and  different  form  of  vertex  and  the  distinct  genital 
characters  will  readily  distinguish  it 

Chlorotettix  minima  Baker.     (Can.  Ent.  xxx,  p.  aao,  1898.) 

Appleton,  April  9th,  two  examples  swept  from  rank  grass 
along  the  Siloah  River;  Troja,  April  14th,  one  example  swept 
from  grass  by  the  railroad  track.  At  Richmond  I  took  it  in 
numbers  from  a  springy  spot  in  a  hillside  pasture  on  the 
Alexander  property  and  also  took  it  at  St.  Margaret's  Bay  and 
Kingston.  These  specimens  agree  perfectly  with  Baker's  de- 
scription and  I  cannot  doubt  their  identity.  The  species  is  very 
close  to  my  galbanata  and  has  almost  the  same  form  of  vertex 
and  ultimate  ventral  segment  in  the  female.  It  is  however 
considerably  smaller  and  seems  to  be  sufficiently  distinct. 

Clilorotettix  Tetiiys  n.  sp. 

Form  of  lusoria  but  much  smaller.  V^ertex  subangularly  produced; 
clypeus  broad,  of  equal  width  throughout,  sides  rectilinear,  cheeks  narrow, 
feebly  angled  beneath  the  eyes,  forming  a  narrow  margin  around  the  ample 
lorse.  Pronotum  with  a  rather  pronounced  callous  parallel  to  the  anterior 
margin,  the  disk  behind  this  distinctly  transversely  striate.  Last  ventral 
segment  of  the  female  moderately  long,  with  the  outer  angles  rounded  and  a 
little  prominent,  leaving  a  shallow  median  sinus  on  which  Vests  a  brownish 
cloud. 

Color  pale  greenish  luteous,  more  or  less  tinged  with  fulvous;  the  com- 
missural margin  at  ap>ex  and  some  vague  marks  along  the  base  of  the  apical 
areoles  faintly  smoky.  Disk  of  each  elytron  with  two  small  brown  specks, 
one  placed  just  beyond  the  transverse  nervure  near  the  base  of  the  corium 
and  a  smaller  one  l)efore  this  lying  against  the  claval  suture;  elytral  nervures 
jjale;  eyes,  tip  of  the  rostrum,  tarsal  claws  and  sides  of  the  oviduct  blackish. 
In  one  example  the  anterior  submargin  of  the  pronotum  shows  a  sinuated 
darker  vitta  similar  to  that  seen  in  certain  species  of  Cicadula,  and  the  basal 
angles  of  the  scutelluni  may  be  darker.     Length  4  to  4>^  mm. 

Described  from  three  female  examples;  two  taken  at  Kings- 
ton, April  nth,  and  Hope  Bay  April  13th,  and  a  third  taken  on 
the  Island  of  Martinique,  July  26th,  by  Mr.  August  Busk  and 
kindly  sent  to  me  for  study  by  Prof.  Ball. 

Jassus  merus  n.  sp. 

Deep  black.  Vertex  with  the  basal  margin,  an  incomplete  median 
line,  and  the  carinatc  sides  opposite  the  inner  angles  of  the  eyes,  pale;  face 
and  deflected  sides  of  the  pronotum  pale. yellow,  immaculate;  antennal  seta 
brown;  base  of  the  eyes  pale;  legs  whitish,  the  claws  and  upper  surface  of 
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tSte  Itind  txbtae  black:  sides  of  the  pienrm.  a  tnaawmt  ▼itta  on  tihe 
piesm,  the  c^ljgei  of  the  cafmcxxrizni  md.  the  ovuluct  whitwh;  om^pii  of  the 
poscerior  field  of  the  scxztellinn  in  part  and  the  ^Jmdrr  hind  edge  of  the 
prooocnzn,  a  spot  on  the  el  jtral  ooonnisBizre  jnst  beyond  the  apex  of  the 
cixroA  and  another  opposite  to  this  on  the  oosta,  the  apical  mar)g[in  and 
blender  .mrttal  nermre  pale  jellowish  or  soiled  white. 

Head  distxncti  J  narrower  than  the  pronotnm.  Vertex  narrow,  nradi 
contracted  by  the  approximated  inner  angles  of  the  eyes  where  the  width  is 
arvxit  one  third  that  at  apex.  Front  narrow  with  a  snbmarginal  fnrrow 
aryyve  the  antmnaer  civpecs  broad  at  apex.  Pronotnm  short,  aboat  two 
thirds  the  length  of  the  vertex,  hind  edg^  feebly  emarginate,  snrfince  txans- 
ver^ely  ra^o&t:  basal  £eld  oc  the  scntellnsx  shagrcened:  elytra  narrow,  ner> 
Tsrea  strong.     Length  5  mm. 

Described  from  a  single  female  example  taken  at  Mande- 
ville.  This  is  a  small  slender  species  vriih  a  narrow  head  and 
vertex,  and  would  fall  into  section  "EE"  of  Spangberg-'s  ar- 
rangement. The  deep  black  of  the  upper  surface  is  strongly 
contrasted  with  the  pale  yellow  of  the  face  and  legs  beneath. 
The  pale  markings  on  the  elytra  suggest  the  possibility  of  a  pale 
vitta  on  the  transverse  nervures  and  m  3re  or  less  paling  of  the 
nervures  toward  the  base,  but  allowing  for  such  variation  the 
species  seems  to  be  quite  distinct. 

Cicadula  intensa  n.  sp. 

Allied  to  puncti/rons  in  form  and  pattern  of  marking,  bat  smaller. 
V«lex  flattish.  sloping,  ver^-  obtusely  an^ied  before,  scarcely  longer  on  the 

m'^Mie  than  next  the  eve.  Front  rather  narrow:  clypeus  oblong,  distinctlv 
C'-^nitricted  to'^ard  its  base.  Prjnotum  prop-^rtionatelv  longer  than  in 
puncdfroni,  the  hini  eige  distinctly  concavely  arcuatei.  posterior  angles 
prom i n en t .     El y tra  as  i n  / u n ::  jr.: n : . 

Color*  soiled  -^hite  tinge-i  with  yellow  on  the  vertex  and  scatellnm. 
Front  with  a  piir  of  large  round  black  spots  on  its  base  and  a  few  short 
brown  arcs  on  either  side  below.  Vertex  with  a  transverse  black  vitta  pass- 
ing just  behind  the  lar^e  brown  ocelli.  pc'Sterior  to  which  is  an  incised 
n;«?d:an  line  and  a  pair  of  small  discolored  p«)ints.  Pronotum  with  a  sinoated 
f]•:■'^\cy  band  behind  the  callousei  ar.terior  margin  as  is  frequentiv  the  casein 
♦.bis  g'tn-s  Scutellum  with  an  intensely  'lack  eiongate-:  sp>ot  within  the 
b^vi!  ar.;<!':s:  arxjut  hiilf  of  this  sp^t  is  covered  by  the  pronotum  through 
v.'ir.'h  :*.  may  b:  seen.  Elytra  while  with  a  brown  clou  i  .^t  apex;  the  disk 
of  th'.*  areoies  mostly  fuscous,  piler  towari  the  costa.  Beneath  whitish  with 
sniall  black  sp  As  on  the  pleural  pieces.  Legs  white  with  a  few  brown 
jyoir.ts.       .abdomen  wanting.       Length  4 '2  mm. 

D'jscribed  from  a  single  example  taken  at  Hope  Bay  April 
1 7th.  This  specimen  is  apparently  a  female  but  unfortunately 
its  ar^Iomen  was  broken  or:  and  lost  in  transit  from  the  island. 


BUFFALO   SOCIETY   OF    NATURAL   SCIENCES  73 

The  species  however  is  so  distinct  that  it  seems  safe  to  describe 
it  from  an  imperfect  example. 

Cicadula  sex-notata  Fallen. 

I  took  numbers  of  this  species  at  Rock  Fort  near  Kingston 
on  March  25th.  These  differ  in  no  respect  from  those  found  in 
the  northern  states  except  that  they  are  smaller,  measuring 
but  2  to  2^  mm.  to  the  tip  of  the  elytra. 

Balclutha  sp. 

Rock  Fort  near  Kingston,  two  examples.  This  genus, 
formerly  known  as  Gnathodus^  is  difficult  to  study  without  more 
material  than  I  have  at  my  command.  The  present  species 
seems  to  be  most  nearly  related  to  viridis  Osborn  but  differs  in 
some  respects. 

Balclutha  sp. 

Two  examples  of  another  species  I  cannot  determine  were 
taken  at  Rock  Fort.  These  are  marked  with  black  somewhat 
as  in  abdominalis  but  have  the  ocelli  distant  from  the  eyes  and 
do  not  pertain  to  Baker's  geaus  Eiignathodiis. 

Eualebra  rubra  n.  sp. 

White;  base  of  the  pronotum,  scutellum  and  basal  one  half  of  the  elytra 
orange  red  marked  with  irregular  dots  of  purple-black.  These  dots  are  com- 
posed of  minute  purple  points  on  a  whitish  ground  which  in  most  cases  they 
almost  entirely  cover;  they  are  arranged  as  follows:  three  small  ones  on  the 
base  of  the  vertex;  three  larger  ones  on  the  anterior  submargin  of  the  pro- 
notum, the  median  ovate,  the  lateral  elongated  and  somewhat  angled  and 
almost  attaining  the  humeral  angles;  a  small  one  on  the  propleura;  a  squar^ 
median  one  on  the  base  of  the  scutellum;  a  very  minute  one  at  each  basal 
angle  of  the  scutellum  and  the  basal  angles  of  its  apical  field;  three  on  the 
clavus,  the  median  of  which  is  larger  and  irregular;  and  five  on  the  corium, 
one  basal,  a  larger  median  one  almost  divided  in  two,  and  three  beyond  this 
is  a  transverse  row  forming  a  line  with  the  posterior  spot  on  the  clavus,  the 
two  near  the  costa  very  small;  the  spots  in  the  terminal  row  are  more  open, 
showing  the  minute  dots  on  the  pale  ground  plainly.  The  red  color  on  the 
elytra  terminates  very  abruptly  with  a  broken  indistinct  brown  line;  the  apex 
of  the  elytra  beyond  this  line  pale  yellowish  hyaline,  immaculate,  with  the 
nervures  indistinguishable.  Apex  of  the  wings  pale  yellowish  hyaline,  the 
base  beneath  the  red  portion  of  the  elytra  clear  smoky  hyaline,  iridescent. 
Beneath  white  with  the  clypeus  and  a  point  on  the  disk  of  the  plates  of  the 
male  black;  disk  of  the  venter  embrowned. 

Vertex  strongly  angularly  produced,  the  anterior  edge  thickened  and 
rolled  over  on  to  the  base  of  the  front;  apparently  notched  above  the  base  of 
the  antennae.  Front  strongly  depressed,  flat  and  horizontal  and  sunken 
below  the  level  of  the  cheeks  and  tumid  basal  margin.     Length  2%  mm. 
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Descxibed  from  one  male  taken  at  Hope  Gardens  near 
Kingston.  April  i8th.  the  last  evening  of  my  staj  on  the  island. 
Iz.  this  example  the  base  of  the  scntellmn  has  been  somewhat 
±i7=red  and  the  square  basal  spot  may  be  in  the  form  of  two 
1  longitudinal  vitts.  Prof.  Baker  in  describing  the  type 
ays:  "Face  in  the  single  specimen  collapsed  in  dry- 
'.  ziy  specimen  however  is  a  well  developed  adult  and  I 
[ieve  the  sunken  race  lo  be  characteristic  of  this  genus  which 
is  very  distinct  in  its  general  facies  from  any  other  known  to 
zjCl  It  was  founded  in  1S99  ( Psyche  viii^  p.  402,)  for  the  re- 
lepdcn  of  the  Brazilian  species.  Sm:*kii  Baker.  Later  (In- 
Tertcbrata  Pacinca  u  p  7.  1903.)  Prof.  Baker  described  a  second 
soecies,  mj*aSa,  from  Guatemala. 


ProtaJebra  apkalis  n.  sp. 

Soiled  white  ZLtrked  with  blick.  orange,  and  pole  jellow.  Head  h 
white:  vertex  qidte  stroaglv  prcdoced  and  angled  before,  coorex:  ocrili  di»- 
rract:  boaal  joint  ot  the  antennx  tinged  with  yellow.  ProQoCam  one  and 
half  times  ms  long  as  the  vertex:  hind  margin  distinctly  concmve,  tiie 
terior  angles  prominent,  snbacnte:  orange,  with  the  dedected  si^s  and  m 
large  rounded  median  spot  resting  on  the  base  whitish.  Scntellinn  troo' 
white  with  the  small  basal  angle<  brownish.  Elytra  whitish  hTaline:  a  baaal 
curved  band  on  the  clavns  following  the  sntnral  margin  from  the  base  to 
about  the  middle  where  it  is  abruptly  ienected  :o  the  commissore.  and  m 
imall  spot  jnst  bey  on  i  this  .-^n  the  c:riun:  ic^inst  the  clival  satnre.  some- 
tinies  vag--el7  exten.ied  r»iaiilly  in  a  br:k.en  "r^ni  r.irallel  with  that  on  Ihe- 
;la"r::3,  orange:  ipex  c:  the  e'ytra  frj:n  ;-5:  befrre  the  transverse  nermres 
ti3CXj'jis.  with  the  nerv^ires  yel'.jw  in.i  tbe  iisi  ::  the  arecles  mostly  bymline: 
the  extreme  ipical  ire-.^"e<  ire  b:riere-i  w-.th  r-ick-jh;  ~e:ore  this  fuscoos 
apical  area  are  5«:n:e  vij^ne  r»ile  len::z  ;-elI?w  nLirks  covering  the  apex  of 
the  -lavus  ini  frrrz:-*:  a  Vrrien  :":.::  ^e  ':i-t  :?wiri  the  middle  o£  the 
i::'5ta.  Beneiiih  in.:  '.e-j:?  '.vhite  w:ih  the  ir«*x  ::  the  i"""-.::men  and  genital 
p'.e-ies  7eII:^i>h.  Li^t  ver.:rA*.  Sfec^r-e-:  ::  the  femile  I:n«:,  cnite  stroogiv 
tT^i-ze-i  :n  tr.e  m:  :.i.e  wnere  ::  :>  rv.r.ute.v  r-rr«r-.t  ■a-.iji  :r:wn:  sides  of  the 
z-^-.ztTS  >:me::mr<  w-.:h  .1  jjr-.-e-.i  v:::a   r".i:e>  ::  the  mile  long  triangular. 


Mii.    «..    ^     .^    m^  I  A**^>Ba..  A        •-.  N.     «    •  •    ^    ». 


'1-- 


— N        -  -  ^^  • 

5 .   :  :  r  ; .     "r .:  t  : '::  e  c : ". :  rs  are  mnch 
.:  V.-'  :  .-.-  I'r.e  :::2r^ir.a*  vein  of  the 
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Protalebra  bifasciata  Gillette. 

(Proc.  U.  S.  Nat.  Mus.  xx.  p.  711,  1898.) 

I  took  one  example  of  this  very  distinct  little  species  at 
Rock  Fort  on  March  35th.  This  has  the  black  spot  on  the 
scutellum  and  base  of  the  clavus  very  intense  but  narrow,  not 
reaching  more  than  half  way  to  the  costa.  The  types  were 
from  Brazil. 

Protalebra  omega  n.  sp. 

Near  vexillifera  Baker.  Smaller  than  apicalis;  marked  with  white, 
orange  and  golden  brown.  Vertex  quite  convex  and  strongly  produced, 
whitish  with  two  approximate  points  behind  the  apex  and  a  large  discal  spot 
dusky.  Pronotum  milk-white;  a  large  oval  orange  spot  occupies  the  apex 
anteriorly,  deflecteid  sides  behind  the  eyes  including  the  humeral  angles 
reddish  orange.  Scutellum  fulvous  at  base,  whitish  at  apex,  with  the 
slender  edges  and  ap>ex  minutely  black.  Elytra  light  golden  brown  with  a 
broad  curved  milk-white  vitta  beginning  on  the  claval  commissure  just 
behind  the  tip  of  the  scutellum,  touching  the  costa  at  about  its  middle,  and 
then  deflected  inwardly  and  backwardly  where  it  becomes  narrower  and  ter- 
minates just  before  the  middle  of  the  transverse  nervures.  This  white  vitta 
is  slenderly  bordered  with  black  exteriorly  at  base  and  with  fuscous  within 
and  exteriorly  at  apex,  and  with  the  elytra  closed  forms  a  conspicuous  and 
almost  i>erfect  mark  the  shape  of  the  Greek  letter  omega;  Apical  areoles 
hyaline,  a  little  smoky  at  tip  and  bordered  costally  by  a  curved  fuscous 
marginal  vitta  which  is  deepened  to  a  black  spot  on  the  node.  Beneath  and 
legfs  whitish;  the  posterior  tibite  dotted  with  black.  Last  ventral  segment 
of  the  female  strongly  triangularly  produced  almost  to  the  middle  of  the 
pygofers,  the  latter  with  stout  black  and  white  bristles.    Length  about  2  mm. 

Described  from  two  female  examples  taken  at  Rock  Fort, 
March  25th.  This  is  a  small  but  very  pretty  species  that  must 
be  related  to  vexillifera  of  Baker,  but  it  is  quite  distinct. 

Protalebra  octolineata  Baker.     (Invert.  Pacifica,  i,  p.  7,  1903.) 

Two  males  and  two  females  of  this  neat  little  species  were 
taken  at  Rock  Fort  at  Kingston.  I  also  found  it  in  numbers  on 
Lantana  bushes  along  the  path  to  the  office  of  the  Hope  Gar- 
dens. In  my  examples  the  vertex  is  soiled  yellowish  with  the 
median  line  darker;  a  line  either  side  of  this  and  another  ad- 
joining each  eye  paler.  The  common  dark  median  line  of  the 
pronotum  and  scutellum  is  bordered  on  either  side  by  paler"; 
anterior  submargin  of  the  pronotum  with  a  narrow  pale  yellow 
callous  and  there  is  a  smaller  one  behind  each  eye ;  the  calloused 
slender  lateral  edges  whitish.  The  four  parallel  slender  black 
lines  on  the  elytra  are  well  described  by  Baker  but  he  fails  to 
say  that  the   included   area  between  them  is  whitish   hyaline 
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when^  it  crosses  the  disk  of  the  elvtra.  The  tnmsverse  hoes 
on  the  apical  areoles  seem  really  to  be  one  line  strooglj  folded 
cm  itself«  forming  a  large  transverse  loop  in  the  apical  areoles, 
at  the  costal  end  of  which  is  a  foscons  clond.  The  extreme 
apejE  of  the  elytra  has  a  narrow  fnscons  marginal  vitta.  Wings 
faintly  smoky  hyaline  ¥rith  fuscous  nenrare&  Tip  of  the  rost- 
ruizi  and  tarsi  and  apex  oi  the  hind  tibiae  and  a  large  spot  on 
the  prostemom  black.  Apex  of  the  pygof ers  of  the  male  and 
of  the  oviduct  of  the  iez:z3de,  and  a  rransverse  doud  at  the  apex 
of  the  last  ventral  segment  of  the  female,  black.  Sometimes 
the  pdLle  markings  oc  ihe  vertex  and  pronocum  are  almost 
obsolete,  bet  the  dark  median  vitta  and  the  black  IzDeacioos 
seem  to  be  constant.  Altnongh  more  strongly  marked  than 
Biis?r*>  st^ecimens  fr^ct  Xicaraugna  and  Mex^M  seem  to  have 
been  I  hive  no  dcnbc  bnt  they  represent  the  same  specses 

Pr9taletea  brastliei&sis  Baker,     i  Psyche  virL  p.  x^f.  1599  i 
I  f'^'cnc  thi<  insect  verv  ibcn-lant  everv^here  in  the  war. 

JLbbr^jT'.a.riid  br.^Tm  vitti  en  the   rose   :f  the   vertex,  anff 
hyalme  >t:i:cs  in  the  fn5C»:c>  ar-^s  rf  the  elytra  are  larger 
nj^^iloriv  pidcec:  f«^r  :c  tze  me.VLir  tnnsv^rse  irea.  'jne  a: 


nv  ,L  tne  ciiivnsw  inccner  near  tn-j?  :c  tne  :::nnm  inc 

.ar'^ier  rsscn^  :c  t^e  ^-jstj.  dnc  n<;T;i   7  m^ec  "v-.tn  'r^:^C' 

t-i-^e  -a  tl:e  ipLCJ.1  irea.  rv:  me-i  a.,    jni   j.  I^ir^^r    :ce    :xi  the 

"ii>.*i[i  ii  I_j-ie  *'V^  .Ttiz  Z^  .T'.  j.-t.  .-vl  i_i:i^Ni  i„~T^e  >r  -Icselv"  wirh. 
Sillier  >  ie^jxir*::.  .z  i.:.!:  '.  r^el  ::--i  i.:::  .r  :.:eir  iceatiry. 
Tie  :-,i:cj.  -i.-  .iT. Ji-ii-i  :cscer:r    n^r^::  .:  r.:e  :r:n:r:ini  vmh 


■^  -  —  -"-  - 

S,   _i  .'    r'   i-^-i*  .V.  ::^>c.-i.    '""-  .   i.i  .111  '.-■^     *l  -ii^e'^ille,    me 


,  .   ..        -     .-^-r  :  .\    ijveirs  ta 
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Empoajca  sp. 

One. example  taken  at  Montego  Bay,  April  8th  seems  to 
belong  to  a  still  undescribed  species.  It  is  near  the  preceding 
but  has  the  vertex  a  little  longer  and  fuller  and  the  base  of  the 
front  suffused  with  yellow.  Among  the  material  taken  at 
Mandeville  is  one  more  large  specimen,  apparently  an  Alebra^ 
too  immature  for  determination. 

Typhlocyba  pseudo-maculata  Baker. 

(Invert  Pacifica,  i,  p.  8,  1903.) 

One  pair  of  this  obscure  little  species  was  taken  at  Rock 
Fort.  They  agree  in  every  respect  with  Baker's  short  descrip- 
tion and  I  have  no  doubt  of  their  identity.  The  female  has  the 
extreme  apex  of  the  oviduct  black. 

Additions 

The  following  species  were  omitted  from  their  proper  place 
in  the  list : 

Edessa  bifida  Say. 

Not  uncommon  at  various  places  on  the  island.  I  have 
records  of  Mandeville,  Balaclava,  Appleton  and  St.  Margaret's 
Bay. 

Podisus  sagitta  Fabr. 

I  found  this  species  fairly  abundant  at  Rock  Fort  near 
Kingston,  Mandeville  and  Balaclava  and  took  one  example  at 
Hope  Bay. 

Pachygrontha  bimaculata  Distant. 

One  example  taken  at  Port' Antonio  in  a  little  grave  yard 
on  Richmond  Hill,  April  12th.  This  specimen  differs  from 
Distant's  short  description  only  in  having  the  apex  of  the  third 
antennal  joint  concolorous.  It  has  the  sides  of  the  pronotum 
rectilinear  a  character  not  mentioned  by  Distant  but  one  which 
would  ally  it  with  longiccps  Stal,  but  its  small  size  and  general 
characters  are  so  close  to  those  given  by  Dr.  Distant  for  his 
bimaculata  that  I  prefer  to  place  it  there. 


Index  to  new  genera,  species,  etc. 

This  index  includes  the  jiames  of  new  genera,  species  and 
varieties  described  in  the  preceding  pages,  new  names  proposed, 
and  also  the  names  of  the  new  genera  and  species  described  by 
Dr.  Renter  from  material  taken  by  me  in  Jamaica  and  recorded 
in  this  paper. 


it 


44 


44 


Acanthochila  spinicosta  n.  sp. 
Agallia  basiflava  n.  sp. 
**      lingula  n.  sp. 

liturata  n.  sp. 

repleta  n.  sp. 

scortea  n.  sp. 

tropicalis  n.  var. 
Amblystira  macnlata  n.  sp. 
Amphiscepa  plana  n.  sp. 
Atomoscelis  diaphanus  Reut. 

Baculodema  Rent. 

•'  luriduni  Reut. 

Brixia  fulgida  n.  sp. 
fuscosa  n.  sp. 
Br>-ocoris  minutus  Reut. 

Cardiastethus  fraterculus  n.  sp. 
CeratocaDSUs  consimi'.is  Reut. 

n:grv>p:ceus  Reut. 
Chlorion.a  nigrifrons  n.  sp. 
Chlorotettix  Tethvs  n.  sd. 
Cicacula  iutensa  n.  sp. 
Colp^ptera  rugosa  n.  sp. 
Cvrtocaisidea  irrorrita  Reut 
Cyarda  Melichar:  ::.  u. 

Deltocerhalus  senilis  ::.  sr. 

E'.iessa  chel'-uia  u.  >v. 
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54 

56 

57 

56 

53 
21 
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29 
29 
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26 

29 
29 


•  «  * 

ccans 
Eu>chi>tus  ursus  • 
Eutettix  Bdl'.i  ::.  : 


Flatoides  moniHs  n.  sp. 

Gypona  napera  n.  sp. 

Hyalochloria  Reut. 

*'  caviceps  Rent, 

unicolor  Real. 

Jalysus  reversus  n.  sp. 
Jassus  merus  n.  sp. 


42 
61 

29 
29 
29 

13 
71 


Lamenia  flavida  n.  sp.  36 

Lamproscytus  Reut.  32 

Van  Duzeei  Rent.  32 

Leptostyla  colubra  n.  sp.  19 

Leucopoeciia  Reut,  28 

albofasciata  Reut.    28 

Liburuia  .\ndromeda  n.  sp. 

culta  n.  sp. 

dorsilinea  n.  sp. 

humiiis  n.  sp. 

re..!ucta  n.  sp. 

terminalis  n.  sp. 

Lc'xa  pallida  n.  sp. 

Lvi:us  aeruc-uosus  Reut. 

cunealis  Reut. 

v^^livaccus  Reut. 

susTectus  Rcut. 


r>N 


46 

47 
50 
48 

49 
49 
9 
•31 
31 
31 
31 

44 

44 

Me'.Ai:   >::ctus  Keut.  29 

\'au  Dujeei  Reut.  29 

Me>o:ro- i>  Re-..t.  29 

viri  iifasciatus  Reut.   29 

Myu  :u>  cru  lus  ::.  sp.  33 
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Neoborops  oculatus  Reut. 


32 


Oncopeltus  pictus  n.  sp.  15 

Ormenis  albipennis  n.  sp.  38 

brevis  n.  var.  38 

tessellata  (proposed  name)  39 
Orthotylus  compsus  Reut.  29 

divergens  Reut.  29 


II 


II 


II 


Pediopsis  elegans  n.  sp.  58 

Phytocoris  compsocerus  Reut.  31 

Platymetopius  bre\ns  n.  sp.  66 

nanus  n.  sp.  65 

nasutus  n.  sp.  64 

Platyscytus  Reut.  29 

**         binotatus  Reut.  29 

Poeciloscytus  flavo-cuneatus 

Reut.  32 

Poeciloscytus  var.  rufocuneatus 

Reut.  32 

Protalebra  apicalis  n.  sp.  74 

omega  n.  sp.  75 


(I 


II 


Psallus  atomophorus  Reut. 

**      sulphureus  Reut. 
Pycnoderes  angustatus  Reut. 
Van  Duzeei  Reut. 


II 


Sthenarus  basalis  Reut. 
plebejus  Reut. 


II 


27 

27 

32 
32 

28 

28 


Termatophylidea  Reut.  27 

"                  pilosa  Reut.  27 

Tettigonia  macrocephala  n.  sp.  59 

*'          sanguinipes  n.  var.  59 

Thamnotettix  fessula  n.  sp.  70 

'*            rubicundula  n.  sp.  70 

Thyreocoris  cognatus  n.  sp.  6 

Xestocephalus  Ralli  n.  sp.  64 

bipunctatus  n.  sp.  63 

brunneus  n.  sp.  62 

ornatus  n.  sp.  63 
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Zanchisiiie  illustris  Rent. 
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The  earliest  effort  in  the  City  of  Buffalo  to  organize  a 
society  for  the  study  of  Natural  History  dates  back  to  April  lo, 
1858  when  eight  or  ten  boyish  enthusiasts  agreed  to  meet  every 
Thursday  evening,  for  interchange  of  scientific  observations,  at 
a  room  in  the  Granite  Block  on  Main  Street,  where  they  dis- 
cussed the  first  chapter  of  Genesis,  the  value  to  science  of  Hugh 
Miller's  labors  or  those  of  Dr.  Edward  Hitchcock  and  other  like 
grave  subjects  and  out  of  their  slender  funds  subscribed  for  the 
Scientific  American  and  the  Horticultural  Magazine  to  aid  their 
budding  endeavors. 

At  first  they  called  themselves  **The  Buffalo  Natural 
History  Society",  but  that  did  not  suit  them  and  after  changing 
their  title  to  **The  Buffalo  Scientific  Society*'  and  trying  its 
effect  for  a  few  months  they  finally  decided  to  be  known  as 
**The  Lyceum  of  Natural  Science"  a  name  which  they  retained 
during  the  year  or  two  of  their  somewhat  brief  existence.  In 
April  1859  they  rented  a  room  in  the  Harvey  Block  for  $25.00 
per  annum  and  continued  their  meetings  until  December  14th 
of  that  year  when  they  determined  to  give  up  their  room 
**unless  circumstances  become  more  favorable  to  our  contin- 
uance innt  than  they  are  at  present".  Apparently  **circum- 
stances"  were  adverse,  for  here  their  meetings  ceased ;  but  among 
these  early  devotees  of  science  were  Henry  S.  Sprague,  Wm. 
M.  Stewart,  James  H.  Hall  and  Edward  C.  Taintor,  who  a 
little  later  shared  in  the  organization  of  the  Buffalo  Society  of 
Natural  Sciences. 
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Already  reference  had  been  made  at  some  of  their  meet- 
ings to  the  formation  of  a  new  Scientific  Association,  but  the 
thought  seems  to  have  slumbered  until  at  the  suggestion  of 
Coleman  T.  Robinson  six  enterprising  young  men  met  on  the 
evening  of  October  5,  1861  at  the  studio  of  Charles  Caryl 
Coleman  on  East  Swan  St.  near  Main,  where  the  EUicott  Square 
now  stands,  to  discuss  the  organization  of  **A  Natural  History 
Society".  Those  present  constituted  themselves  a  committee 
to  further  the  project  and  when  they  met  again  a  week  later 
they  reported  113  names  for  possible  membership.  Other 
preliminary  sessions  followed  and  Thursday  evening,  November 
21,  1 86 1  a  larger  meeting  of  those  interested  was  held  at  Odd 
h^ellow's  Hall  when  a  form  of  Constitution  and  suitable  By 
Laws,  submitted  by  R.  W.  Haskins,  David  Gray  und  Coleman 
T.  Robinson  who  had  been  appointed  a  committee  for  that  pur- 
])()se,  were  discussed,  a  primary  election  held  and  a  call  issued 
through  the  newspapers  for  a  general  meeting  at  Lower  St. 
James'  Hall  on  the  evening  of  Thursday  December  5th. 

At  this  meeting  Judge  Clinton  presided.  The  constitu- 
tion was  ad(;pted,  its  first  provision  being  that  the  Society  should 
be  called  the  **Buffalo  Society  of  Natural  Sciences"  and  its 
object  **the  promotion  and  study  of  the  Natural  Sciences, 
through  the  formation  of  a  museum  and  library,  the  procure- 
ment of  lectures  and  by  such  other  means  as  shall  be  efficient 
aiul  desirable  for  that  purpose".  At  this  meeting  Hon.  George 
W.  (Clinton  was  made  president  and  for  twenty  years  he  was 
annually  elected  to  that  office.  The  others  then  chosen  as  the 
Socirly's  first  officers  were- 

ist  Vice  President  .  Rev.  A.  T.  Chester,  D.  D. 


2nd     '* 

(Corresponding  Secretary 

I<(rc:(jrdin^  Secretary 

Tnjasurcr 

Librarian 


Charles  Winne,  M.  D. 
Samuel  Slade. 
Theodore  How  land. 
Leon  F.  Harvey,  M.  D. 
Richard  K.  Noye. 

riic  nine  curators  first  chosen,  who,  with  the  officers  made  up 
tli('  ICxccutive  Hoard  for  management  of  the  Society's  affairs 
were,  Gc'or^^e  K.  Hayes,  M.  D.,  Prof.  William  S.  Van  Duzee, 
Iliram  IC.  Tallmadge,  Charles  D.  Marshall,  Coleman  T.  Robin- 
son, Cl'.arlcs  C.  F.  Gay,  M.  D.,  Charles  S.  Farnham,  David  F. 
Day  und  Charles  F.  Wadsworth. 


'I* 


COLEMAN  T,   ROBINSON 
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Among  the  first  charter  members  besides  those  named, 
were.  Dr.  C.  W.  Harvey,  L.  G.  Sellstedt,  O.  H.  Marshall, 
Charles  Caryl  Coleman,  Solomon  G.  Haven,  Thomas  Farnham, 
Walter  Clarke,  David  Gray,  Ottomar  Reinecke,  Dr.  James  P. 
White,  Augustus  B.  Fitch,  George  P.  Putnam,  John  Howcutt, 
R.  G.  Snow,  Eugene  N.  Robinson  and  the  four  young  men 
already  mentioned  as  having  belonged  to  the  earlier  **Lyceum 
of  Natural  Science".  Within  a  year  about  one  hundred  names 
were  added  to  the  local  membership  iucluding  Henry  A.  Rich- 
mond, Augustus  R.  Grote,  William  H.  Glenny  and  many  beside 
who  have  proven  steadfast  friends  to  the  Society. 

These  were  days  of  first  beginnings  and  many  discour- 
agements, but  those  charter  members  had  the  enthusiasm  of 
youth  and  were  not  easily  disheartened.  The  first  lecturer  was 
Professor  Benjamin  Silliman  of  New  Haven  who  came  for  the 
evenings  of  February  19th,  20th  and  21st,  1862.  St.  James* 
Hall,  successor  to  the  old  Eagle  Theater,  had  been  burned  on 
the  9th  of  January  and  presumably  these  lectures  were  given  in 
the  rooms  first  occupied  by  the  Society  on  Erie  St.  in  the 
building  since  used  by  Rogers  Bowen  and  Locke  and  their 
successors.  An  old  diary  tells  us  that  notwithstanding  the 
hardest  snow  storm  of  the  winter  which  raged  on  the  first 
evening,  quite  a  number  of  ladies  were  present  and  on  the 
other  evenings  there  was  a  larger  and  deeply  interested  au- 
dience. 

About  April  i,  186 2  other  rooms  were  secured  over  the 
New  York  and  Erie  Bank  on  West  Seneca  Street  near  Pearl. 
Here  the  Museum  was  fairly  started  in  cases  provided  by 
Coleman  T.  Robinson.  Augustus  R.  Grote  contributed  600 
specimens  of  Coleoptera  collected  in  the  State  of  New  York  and 
a  like  number  of  catalogued  species  of  plants  collected  in  the 
Rocky  Mountains  by  Elihu  Hull  and  J.  P.  Harlan. 

Wm.  W.  Stewart  was  placed  in  charge  of  the  Museum 
which  grew  so  rapidly  that  soon  the  Seneca  Street  quarters 
were  inadequate  and  more  commodious  rooms  were  taken  in 
the  third  floor  of  the  Jewett  Building  on  Main  St.  opposite  St. 
Paul's  Church,  where  the  collections  might  be  better  displayed. 

On  the  23rd  of  January  1863,  the  society  was  incorporated 
under  the  general  Act  of  April  12,  1848  for  the  incorporation 
of  scientific  and  other  societies,  the  certificate  being  signed  by 
Hon.  George  W.  Clinton,  Theodore  Howland,  Leon  F.  Harvey, 
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Coleman  T.  Robinson,  David  F.  Day,  Henry  A.  Richmond, 
Charles  D.  Marshall,  H.  E.  Tallmadge,  Dr.  Charles  D.  F.  Gay, 
William  W.  Stewart  and  Rev.  Albert  T.  Chester. 

Shortly  thereafter  came  the  most  important  change  in 
the  early  history  of  the  Society.  The  Young  Men's  Association 
of  Buffalo,  organized  in  1836,  had  always  occupied  rented 
quarters  and  at  this  time  their  rooms  and  their  fine  library  were 
located  in  the  American  Block.  They  had  long  felt  the  need  of 
more  ample  accommodations,  but  the  early  days  of  the  great 
Civil  War  were  too  full  of  trying  vicissitudes  to  encourage 
plans  which  they  had  cherished  for  securing  a  building  of  their 
own.  Public  confidence  was  shaken,  finances  were  unsettled 
and  doubt  and  anxiety  prevailed.  With  the  opening  of  i«63  the 
skies  seemed  somewhat  lighter,  there  was  at  least  comparative 
prosperity  and  the  preliminary  negotiations  for  a  building  project 
were  begun. 

April  17,  1863  the  Executive  Committee  of  the  Young 
Men's  Association  adopted  a  resolution  authorizing  their  Build- 
ing Committee  to  confer  with  the  other  societies  of  Buffalo  of  a 
kindred  character  with  reference  to  constructing  a  building  which 
would  accommodate  the  several  organizations. 

Accordingly  in  response  to  their  invitation,  on  the  25th 
of  April  a  Committee  of  the  Society  of  Natural  Sciences  consist- 
ing of  Judge  Clinton,  its  President,  David  F.  Day  and  Coleman 
T.  Robinson  were  appointed  for  conference  and  July  9th  it  was 
resolved:  **that  this  Society  hereby  elects  to  participate  in  the 
erection  and  occupancy  of  the  proposed  building  for  the  use  of 
the  Young  Men's  Association,  the  Grosvenor  Library  and  other 
institutions  of  the  City  and  to  aid  in  the  raising  of  the  funds 
necess;iry  for  that  purpose".  These  negotiations  finally  ended 
in  the  purchase  from  Mr.  A.  Brisbane  of  the  property  known 
as  St.  James'  Hotel  and  St.  James'  Hall,  at  the  corner  of  Main 
and  Kagle  streets,  having  a  frontage  of  about  100  feet  on  Main 
St.  and  running  through  to  Washington  St.  for  which  the  sum 
of  $1 12,000.00  was  paid. 

In  soliciting  the' subscriptions  for  the  purchase  funds  the 
nienibers  of  the  Society  of  Natural  Sciences  enlisted  heartily  and 
nianv  oi'  the  generous  subscriptions  were  given  by  them,  the 
assurance  bein;^  made  that  they  should  receive  adequate  accom- 
nuulations  for  their  needs. 
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At  this  time  subscriptions  to  the  amount  of  $81,655.00 
were  secured,  the  property  purchased,  such  alterations  made 
as  were  necessary  and  January  10,  I865  the  new  buildings  were 
occupied  and  the  Society  of  Natural  Sciences  found  itself  housed 
under  the  same  friendly  roof  with  the  Library,  the  Academy  of 
Fine  Arts  and  the  Historical  Society.  The  Society's  modest 
collections  were  attractively  displayed,  a  fine  portrait  of  its 
President  Hon.  George  W.  Clinton,  painted  by  L.  G.  Sellstedt 
was  presented  to  adorn  the  walls  by  the  artist,  who  was  himself 
an  active  member,  and  by  Coleman  T.  Robinson  who  showed 
still  further  his  warm  hearted  interest  by  contributing  his  own 
collection  of  marine  shells  to  form  the  nucleus  of  the  large  and 
valuable  conchological  exhibit  now  owned  by  the  Society;  an 
extensive  and  beautiful  collection  of  minerals  was  given  by  Mr. 
Charles  F.  Wadsworth ;  new  members  came  in,  a  larger  interest 
was  awakened,  the  collections  grew  more  rapidly  and  despite 
its  very  limited  financial  resources,  the  scientific  work  accom- 
plished from  year  to  year  amply  justified  the  self- sacrificing 
efforts  of  its  friends.  Many  will  remember  the  tower  over  the 
St.  James*  Hall  building  and  its  beacon  light  when  Judge  Clinton 
worked  late  at  night  over  his  scientific  studies. 

During  the  Civil  War  many  of  those  who  were  its  founders 
volunteered  in  their  country's  service  and  as  its  members  met 
there  was  often  present  with  them  the  remembrance  of  hushed 
voices  and  the  thought  of  unreturning  feet,  but  when  those 
years  of  storm  and  stress  were  over  and  days  of  peace  once 
more  returned,  the  Society  met  its  first  great  loss  in  the  death 
of  Coleman  T.  Robinson  who  had  been  one  of  its  first  founders 
and  from  the  beginning  one  of  its  most  generous  friends.  An 
active  business  man,  he  was  still  deeply  interested  in  scientific 
studies  and  especially  devoted  to  entomology  and  conchology. 
At  the  time  of  his  death  he  was  engaged  in  the  banking  business 
in  New  York  City.  By  his  will  he  bequeathed  his  library,  his 
microscope  and  his  collections  to  the  Society  and  also  the  sum 
of  $10,000.00  as  the  beginning  of  a  permanent  endowment  fund. 

Accordingly  on  the  13th  of  February  1874  Dexter  P. 
Rumsey,  George  E.  Hayes  and  O.  H.  Marshall  were  appointed 
as  Trustees  of  the  Permanent  Fund,  then  consisting  of  the 
amount  of  Mr,  Robinson's  bequest  together  with  the  sum  of 
$500  accrued  from  ten  life  memberships.     By  slow  degrees  this 
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has  grown  so  that  there  is  now  $24,827.50  in  the  hands  of  the 
trustees. 

August  20,  I  $66  Charles  Linden  was  appointed  by  the 
Society  as  its  custodian,  thus  beginning  a  connection,  the 
memory  of  which  is  cherished  by  all  who  knew  him  and  marked 
by  the  beautiful  bronze  tablet  with  bas-relief  portrait  which 
occupies  a  prominent  place  on  the  walls  of  the  Museum.  Charles 
Linden  was  an  extraordinary  man.  Bom  at  Breslau,  Germany, 
about  1S31.  educated  first  at  the  gymnasium  there  and  then 
taught  by  his  own  efforts  in  the  book  of  nature,  both  as  a 
student  and  later  as  a  teacher  of  science  he  was  an  enthusiast 
who  had  the  rare  gift  of  inspiring  others. 

Modest  and  unpretending  in  his  ways,  a  seafaring  life 
led  him  to  the  American  lakes  and  to  Buffalo  where  he  found 
friend:^  Among  these  was  Mr.  Ottomar  Reinecke,  one  of  the 
Society  s  founders  and  himself  a  veteran  naturalist,  who  quickly 
recognized  his  capacity  for  scientific  work  and  brought  him  to 
the  attention  of  the  Society  and  its  President  Judge  Clinton,  so 
that  his  appointment  soon  followed.  Three  years  later  he  was 
called  to  the  Central  High  School  as  teacher  of  science  and  as 
such  continued  until  his  death  February  3rd,  1888.  For  seven 
years  however,  he  was  the  Custodian  of  the  Society's  collections 
and  labi^red  faithlully  for  their  growth  and  for  its  welfare.  It 
was  thToui*h  his  efforts  that  the  Bodemeier  Collection  of  birds 
was  brought  from  Europe  and  secured  for  the  Society,  the 
mcTr.bers  ».»t  the  Board  of  Managers  subscribing  at  one  of  their 
meetings  the  necessary  amount  for  its  purchase.  Each  year 
as  summer  came  the  spirit  of  the  explorer  seized  him  and  he 
waiuiered  now  to  Florida,  to  Hayti,  to  Europe,  to  Brazil,  to 
Labrador,  to  many  strange  and  out  of- the- way  places  whence 
he  returned  always  richly  laden  with  additions  to  the  Museum 
colleciions.  No  man  was  ever  more  beloved  by  his  pupils  and 
his  friends.  Earnest,  unselfish  and  helpful,  the  uplift  of  his 
example  cannot  be  forgotten. 

In  1901  a  bronze  tablet  in  memory  of  Charles  Linden 
was  placed  upon  the  walls  of  the  Central  High  School  and  in 
the  appreciative  address  made  on  that  occasion  by  Mr.  Henry 
P.  Emerson,  Superintendent  of  Education,  he  said 

**As  a  teacher  Mr.  Linden  was  remarkable  for  patient 
industry,  for  original  methods  of  presenting  truth,  for  his  famil- 
iar and  Socratic  intercourse  with  his  pupils,  and  for  unswerving 
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loyalty  to  the  school  he  served.  There  was  a  freshness  in  his 
instruction  as  of  nature  herself.  He  was  a  Thoreauan  in  his  love 
of  the  fields.  Frequently  he  went  outside  of  the  matter  given 
by  ordinary  writers  and  gave  the  pupils  the  valuable  information 
he  had  gathered  in  his  own  travels.  His  enthusiasm,  devoted, 
not  to  his  own  advancement,  but  to  the  improvement  of  man- 
kind, exerted  a  salutary  and  quickening  influence  on  his  pupils. 

**Another  characteristic  was  his  simplicity  and  modesty. 
Placing  a  high  value  upon  results,  he  cared  little  for  methods 
and  ceremony.  Regarding  knowledge  and  truth  as  everything, 
he  sought  for  them  and  made  them  known  without  bringing 
himself  forward.  He  had  literally  no  thought  of  self  advance- 
ment. He  liked  plainness  and  frankness  ;  was  genuine  and 
transparent;  incapable  of  insincerity  or  indirection. 

**Mr.  Linden  was  no  slave  to  conventionality;  possibly 
he  cared  too  little  for  appearances.  To  some  he  seemed  peculiar, 
but  his  peculiarities  were  doubtless  exaggerated  in  the  mouths 
and  minds  of  those  who  did  not  understand  him.  At  least  they 
were  not  affectations,  but  like  himself,  perfectly  spontaneous 
and  sincere.  He  was  an  * 'interesting"  man.  What  casual  observ- 
ers called  eccentricities,  those  who  know  him  better  considered 
marks  of  a  strong  individuality.  He  was  a  **character"  in  the 
special  meaning  of  that  word-  **one  of  those  pieces  of  nature's 
workmanship  which  are  malleable  by  no  external  influence  of 
culture,  society  or  circumstances".  Such  men  always  speak 
from  within  and  echo  no  man's  opinions.  When  such  a  man  is  a 
teacher  he  will  be  interesting  and  will  strongly  impress  himself 
upon  his  classes,  whatever  deficiencies  he  may  have ;  and  this 
Mr.  Linden  did. 

**His  nature  was  thoughtful  and  philosophic.  He  was  a 
constant  reader,  an  original  thinker  upon  the  historical,  scientific 
and  social  problems  that  attract  thoughtful  men.  I  was  more 
than  once  surprised  to  find  how  familiar  he  was  with  some 
particular  epoch  of  histor)\  His  comments  and  criticisms  on 
men  and  events  were  interesting  and  generally  just  No  man 
or  woman  without  somewhat  similar  tastes  could  know  him. 

**He  was  not  to  be  lightly  gauged  by  outward  manner  or 
appearance.  Those  who  did  know  him,  as  they  now  look  back, 
treasure  the  recollection  of  his  look,  his  figure,  his  voice,  his 
abstracted  air  as  he  walked  the  streets,  his  hearty  laugh  at  an 
amusing  mistake  in  the  class-room,  his  beaming  face  as  he  dis- 
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played  some  specimen,  under  the  microscope,  to  his  class  assem- 
bled round  him. 

**His  character  was  well  epitomized  in  a  few  words  spoken 
by  Rev.  Herbert  G.  Lord  at  his  funeral:  *While  other  people 
were  striving  for  money  and  to  make  a  show  in  the  world,  this 
man  had  plodded  through  life  in  an  unobtrusive  way,  content 
to  learn,  to  know  and  teach'." 

It  was  while  Charles  Linden  was  Custodian  that  the  Field 
Club  was  organized  as  one  of  the  branches  of  the  Society's  work. 
At  the  Society's  meeting  of  May  3,  1872  a  resolution  was  adopted 
requesting  Mrs.  George  Hadley,  Mrs.  George  L.  Squier  and 
Miss  Mary  L.  Wilson  to  organize  such  a  Club  for  the  out  of 
door  study  of  the  Natural  Sciences  and  to  arrange  the  days  and 
places  for  field  meetings,  promising  cordial  aid  for  their  work. 
In  this  Judge  Clinton  and  Mr.  David  F.  Day  were  deeply  in- 
teresled-and  on  their  field  days  Mr.  Linden  would  accompany 
the  club  members,  stirring  up  their  enthusiasm  by  his  own 
ardent  interest,  thus  establishing  a  happy  relationship  which 
continued  so  long  as  he  lived.  This  Club  has  now  had  an  active 
existence  of  thirty  five  years. 

Among  the  early  members  of  the  Society  had  been 
Augustus  R.  Grote,  who  had  however  removed  from  Buffalo 
and  had  already  become  quite  famous  in  scientific  work,  espe- 
cially in  connection  with  entomology.  When  Mr.  Linden's 
duties  as  teacher  became  enlarged  so  that  he  could  not  give  so 
much  time  as  he  desired  to  the  Society's  affairs,  Mr.  Grote  was 
invited  by  the  Executive  Board  by  resolution  of  January  15, 
1873,  to  return  to  Buffalo  to  become  Librarian  and  director  of 
the  Museum.  The  invitation  was  accepted  and  Mr.  Grote  at 
once  entered  upon  his  duties.  He  was  a  naturalist  of  rare 
ability  and  of  recognized  reputation,  young  and  enthusiastic,  of 
sensitive  nervous  temperament,  a  poet  and  musician  as  well  as 
a  devotee  of  science  and  the  impetus  which  had  been  given  to 
the  Society's  work  and  to  the  increase  and  proper  arrangement 
of  its  scientific  collections  during  the  seven  years  of  Charles 
Linden's  custodianship  was  greatly  furthered  in  the  seven  ensu- 
ing years  during  which  Mr.  Grote  was  the  director. 

By  correspondence  and  exchange  and  by  active  field  work 
the  collections  were  rapidly  increased.  In  his  own  favorite  field 
of  research  his  active  efforts  built  up  for  the  Society  the  famous 
collection  of  moths  which  bears  his  name  and  which  at  his  earnest 
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request  was  generously  presented  to  him  by  vote  of  the  Society 
when  he  left  Buffalo  in  1880.  This  collection  was  afterwards 
purchased  by  the  British  Museum  which  was  eager  to  acquire 
it.  In  that  custody  it  now  remains,  a  memento  of  one  part 
of  the  Buffalo  Society's  work  in  the  advancement  of  Science. 
Some  idea  of  its  worth  and  of  the  thoroughness  of  Mr.  Grote's 
scientific  work  may  bs  shown  in  the  fact  that  of  the  1330  species 
in  Grote's  check  list  of  North  American  Noctuidae,  the  collec- 
tion included  1068  species  and  2355  specimens  of  which  505  were 
type  specimens. 

These  early  days  of  Clinton  and  Day  and  Reinecke  and 
Linden  and  Grote,  and  their  associates  had  grown  into  busy 
active  years  of  intellectual  growth  for  the  Society  and  under 
such  guidance  it  had  crept  into  the  front  rank  among  scientific 
organizations.  At  every  meeting  papers  of  great  interest  were 
read,  covering  the  scientific  subjects  which  were  then  enlisting 
the  attention  of  the  world. 

In  1873  the  Society  began  its  publications,  its  first  issue 
being  Vol.  I,  Part  I,  comprising^  four  important  entomological 
papers  by  A.  R.  Grote.  The  four  parts  that  make  up  the  first 
volume  were  issued  by  March  1874,  and  contained  no  less  than 
16  scientific  articles  by  Mr.  Grote,  with  other  valuable  original 
papers  by  Peck,  Willey,  Morison,  Scudder,  Hartt,  Rathbun, 
Harvey  and  Le  Conte.  From  that  time  onward,  the  Society 
has  continued  its  publications,  embracing  in  them  much  impor- 
tant original  material  by  distinguished  scientific  writers,  thirty- 
four  of  the  articles  coming  from  the  pen  of  A.  R.  Grote  and 
including  also  the  valuable  botanical  check  lists  compiled  by 
David  F.  Day  from  personal  observations  made  by  Judge 
Clinton  and  himself,  illustrated  descriptions  of  the  rare  water 
lime  fossils  of  this  vicinity  and  many  others  of  great  worth. 
The  Society's  published  bulletins  are  exchanged  with  Scientific 
Societies  throughout  the  world,  those  of  later  years  including 
the  **Geology  and  Palaeontology  of  Eighteen  Mile  Creek"  by 
A.  W.  Grabau,  an  exhaustive  study,  profusely  illustrated  and 
of  high  value,  as  is  the  later  volume  by  the  same  author,  a 
**Guide  to  the  Geology  and  Palaeontology  of  Niagara  Falls  and 
Vicinity". 

The  Society  of  Natural  Sciences  was  perhaps  the  first  of 
Buffalo's  institutions  to  bring  an  important  convention  within 
our  city's  gates. 
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The  American  Association  for  the  Advancement  of 
Science  had  been  compelled  by  the  vicissitudes  of  the  Civil  War 
to  discontinue  its  meetings  after  that  held  at  Newport,  R.  I., 
in  i860.  In  August  1866  at  the  invitation  of  the  Buffalo 
Society  it  held  its  fifteenth  meeting  in  this  City,  its  sessions 
being  held  in  St.  James*  Hall  and  in  the  rooms  of  the  Young 
Men's  Association  in  the  American  Block.  It  was  welcomed  to 
Buffalo  by  Judge  Clinton  in  an  address  in  which  he  claimed  for 
our  good  city  **a  deep  respect  for  literature,  for  art,  for  science, 
and  a  longing  to  make  it  as  famous  in  letters  as  it  is  prosperous 
in  commerce  and  manufactures".  The  meeting  which  lasted 
several  days  proved  to  be  very  interesting  and  once  more  the 
American  Association  was  started  on  its  forward  career  and 
when,  ten  years  later,  the  Buffalo  Society  again  extended  its 
invitation  to  the  great  Association,  it  remembered  the  earlier 
kindness  and  accepted  gratefully,  holding  its  twenty-fifth  meet- 
ing here  during  the  week  beginning  August  23rd  1876.  That 
was  a  famous  meeting.  The  Centennial  Exposition  at  Phil- 
adelphia had  brought  many  savants  from  foreign  countries 
who  were  present  here  in  numbers  and  Thomas  A.  Huxley 
addressed  the  Association  in  the  Common  Council  Chamber 
where  the  general  meetings  were  held;  the  sectional  meetings 
finding  suitable  rooms  provided  at  the  Central  High  School. 
There  were  reception  parlors  arranged  at  the  Tifft  House  and 
evening  sessions  at  St.  James*  Hall.  Our  good  people  flocked 
to  these  gatherings  where  they  might  hear  from  some  of  the 
greatest  minds  in  the  world.  The  effect  of  the  meeting  was  all 
that  could  be  desired.  It  left  behind  it  an  enthusiasm  for  study 
and  perhaps  for  a  time  at  least,  many  of  our  young  men  forgot 
their  more  material  strivings  in  a  new  found  eagerness  for  the 
things  of  the  mind  and  the  spirit.  Again,  in  1886,  the  American 
Association  accepted  our  Society's  invitation  and  met  here  at  a 
time  when  the  new  building  which  it  now  occupies  was  being 
erected,  and  still  once  more  in  1896  for  the  fourth  time,  the 
Association  came  here  to  hold  its  forty-fifth  annual  meeting  and 
were  welcomed  bv  Dr.  Roswell  Park,  then  President  of  the 
Buffalo  Society. 

At  all  times  the  financial  resources  of  the  Society  have 
been  very  limited  and  it  is  a  matter  of  no  small  wonder  that, 
notwithstanding  this,  so  much  has  been  accomplished  in  scien- 
tific work.     The  annual  dues  from  members  have  never  been 
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large  in  amount  and  oftentimes  discouragement  has  stared  us 
in  the  face,  but  some  plan  would  be  suggested  tor  raising  such 
funds  as  were  absolutely  necessary,  such  for  example,  as  the 
Horticultural  Fair  held  in  1866,  to  provide  the  money  needed 
for  entertaining  the  American  Association ;  but  most  frequently 
when  bankruptcy  seemed  imminent,  a  committee  would  start 
out  with  a  subscription  paper  headed  by  themselves  and  public 
spirited  men  of  Buffalo  were  not  appealed  to  in  vain. 

From  the  outset  the  library  and  collections  of  its  Museum 
had  always  been  freely  opened  to  the  public;  valuable  scientific 
papers  were  read  at  each  semi-monthly  meeting  of  the  Society 
and  while  still  continuing  these,  in  January  1876,  the  Society 
began  its  first  public  educational  work  by  inaugurating  its 
popular  lecture  courses  which  have  been  regularly  continued 
each  year  since  that  time.  For  several  years  they  were  given  in 
the  Assembly  room  of  the  Central  High  School  and  in  their 
earliest  days  the  able  members  of  the  Society  were  the  first 
lecturers.  The  initial  course  of  ten  lectures  began  with  an 
excellent  address  by  Judge  Clinton  enlightening  his  hearers  as 
to  the  work  of  the  Society  and  its  possibilities.  Then  followed 
the  familiar  names  of  Grote  and  Linden,  Larned  and  David 
Gray,  Pitt  and  Kellicott,  Milburn  and  Prof.  William  B.  Wright 
and  others,  repeated  and  added  to  from  year  to  year  until  there 
was  sufficient  money  available  to  bring  some  distinguished 
savant  whose  name  might  add  lustre  to  our  native  gold. 

The  effort  to  interest  the  people  was  timely  and  soon 
showed  results,  for  in  1878,  for  the  first  time,  an  attempt  was 
made  to  introduce  into  the  city  grammar  schools  elementary 
scientific  studies,  and  it  is  recorded  on  the  minutes  of  the  Society 
that  at  a  meeting  held  April  11,  1879  a  resolution  was  adopted 
heartily  commending  the  experiment  and  urging  the  school 
authorities  to  continue  the  effort  to  instruct  the  children  in  the 
elementary  facts  of  the  natural  Sciences. 

April  9,  1880,  to  the  great  regret  of  his  many  friends, 
Mr.  Grote  tendered  his  resignation  as  Director  of  the  Buffalo 
Society  of  Natural  Sciences  which  was  reluctantly  accepted. 
His  scientific  work  had  been  and  continued  to  be  of  the  highest 
value.  To  the  first  three  volumes  of  the  Society's  publications 
his  contributed  articles  included  his  descriptions  of  North  Amer- 
ican Moths  and  his  check  list  of  the  Noctuidae  of  this  country. 
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While  here  he  also  edited  the  volume  (in  twelve  numbers) 
of  the  North  American  Entomologist,  published  by  Reinecke, 
Zesch  and  Baltz  of  BuflFalo,  a  creditable  publication,  as  among* 
its  contributors  were  many  distinguished  students  of  ento- 
mology. 

After  leaving  Buffalo  he  took  up  his  residence  abroad, 
living  at  Bremen  and  later  at  Hildesheim  in  Hanover  where  at 
the  time  of  his  death  September  12,  1903,  he  was  director  of 
the  Roemer  Museum.  The  American  Entomologist  (November 
1903)  says  of  him  **He  was  an  authority  on  the  entomological 
fauna  of  Western  New  York  State,  particularly  the  region  about 
Buffalo,  but  will  be  best  remembered  for  his  systematic  work  on 
North  American  Noctuidae.  He  described  numerous  species 
of  Lepidoptera,  aggregating  over  a  thousand.  His  work  made 
a  great  impression  on  our  literature  of  the  subject  and  was 
painstaking  and  accurate.  His  descriptions  are  good  and  his 
species  well  known.  He  will  undoubtedly,  be  classed  as  one  of 
the  greatest  students  of  American  Lepidopterology.  His  cat- 
alogues were  most  valuable  and  universally  used. " 

A  still  greater  loss  befell  the  Society  when,  on  the  13th 
day  of  January,  1882,  Hon.  George  W.  Clinton,  who  had  been 
its  President  for  more  than  twenty  years  tendered  his  resigna- 
tion, as  he  was  about  to  take  up  his  residence  in  Albany  to 
enter  the  service  of  the  State  as  the  editor  of  the  Clinton  Papers. 
In  all  these  years  of  faithful  loving  service,  the  Buffalo  Society 
of  Natural  Sciences  had  become  to  him  as  his  own  child  and  he 
had  become  endeared  to  its  members  with  a  peculiar  affection. 
The  success  of  the  Society  has  been  largely  due  to  his  spirit 
and  his  labors.  One  who  remembers  those  days  writes  of  them, 
**I  look  backward  and  I  see  a  long  table  in  the  assembly  room 
and  a  kind  looking,  gaunt  old  man,  with  fine  rugged  features 
and  pale  blue  eyes  is  resting  his  hands  upon  the  table  before 
him  and  talking  to  a  lot  of  attentive  disciples.  He  has  presided 
that  day  over  the  Superior  Court,  now,  like  him,  alas,  no  more, 
and  has  ruled  upon  exceptions  and  allowed  or  disallowed  them 
in  some  important  law  suit,  and  now  he  has  turned  his  back 
upon  the  dry  dust  of  the  law  and  is  talking  to  his  auditors  about 
the  fauna  and  f^ora  of  this  end  of  the  State,  and  all  pay  reverence 
to  the  Chief  Judge  who  is  deep  in  philosophy  and  nature-study 
and  loves  things  as  they  are  and  not  as  the  wills  and  caprices 
and  imaginations  of  men  would  make  them  out  to  be." 


LEON  F.   HARVEY,  M.  D. 
Ptesident  Society  of  Natural  ScieDces 
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The  great  Clinton  Herbarium  which  with  the  enormous 
labor  of  years  he  built  up  for  this  Society  and  which  includes- 
more  than  24000  exhibits,  is  a  testimony  to  the  unselfish  sat- 
isfaction which  he  ever  took  in  his  devotion  to  its  interests.  Its 
indebtedness  to  Judge  Clinton  cannot  be  measured  .by  words. 
The  whole  community  felt  the  influence  of  his  spirit.  As  his 
friend,  Hon.  James  O.  Putnam  once  said,  **He  was  our  univer- 
sal educator.  Not  to  speak  of  his  eminent  professional  career, 
he  has  taught  us  the  sweet  humanities  and  that  unbought  grace 
of  life,  which  are  the  highest  and  purest  charm.  Nature's  own 
child,  he  has  unfolded  to  us  her  mysteries,  as  she  has  revealed 
them  to  him,  from  tree  and  shrub  and  flower  and  her  myriad 
schools  of  life.  For  him,  nature  unveiled  her  face  and  filled  his 
ear  with  music  and  his  soul  with  all  pervading  harmonies." 

Judge  Clinton  was  a  man  of  deeply  reverent  feeling. 
His  was  no  inconoclastic  spirit  that  could  rejoice  in  breaking 
down  rather  than  in  building  up.  A  true  scientist,  he  had  no 
fears  for  the  safety  of  a  demonstrated  proposition  and  was  ever 
glad  to  welcome  investigation  and  growth  and  new  knowledge. 
**True  it  is"  said  he  in  one  of  his  addresses,  **that  no  one  can 
verify  all  facts  and  we  must  take  many  things  on  trust;  but  in 
investigation  of  any  it  is  dangerous  to  be  wedded  to  a  theory." 
So  unproven  conjecture  never  appealed  to  him  and  his  convic- 
tions were  based  upon  fact  rather  than  upon  hypothesis.  He 
was  simple,  straightforward  and  kindly  in  his  ways  and  in  his 
speech  and  by  his  gentleness  compelled  the  affection  of  all  who 
knew  him.     Men  loved  him  and  his  presence  was  a  blessing. 

His  sudden  death  which  occured  at  Albany  three  years 
later  (September  7,  1885)  seemed  in  keeping  with  his  life. 
Wandering  through  the  Rural  Cemetery  in  the  autumn  aft- 
ernoon, his  life  suddenly  ended  and  he  was  found  with  some 
flowers  in  his  hand  which  were  buried  with  him.  In  the  words 
of  George  William  Curtis  before  the  Board  of  Regents  of  which 
Judge  Clinton  was  Vice  Chancellor,  **Nature  seemed  to  have 
reclaimed  the  old  man,  whose  heart  the  love  of  her  had  kept  as 
warm  and  unwasted  as  a  child's.  Like  Enoch,  in  that  tranquil, 
beneficent,  blameless  life,  he  walked  with  God,  and  God  took 
him." 

He  was  succeeded  in  the  Presidency  of  the  Society  of 
Natural  Sciences  by  Dr.  George  E.  Hayes  who  was  elected 
February  18,    1882,   though  he  held  the  office  for  a  few  months 
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only  as  his  death  occured  on  the  5th  of  May  in  that  year.  He 
too  had  been  one  of  the  Society's  founders  in  1861,  as  he  had 
been  in  1836  one  of  the  organizers  of  the  Young  Men's  Associa- 
tion and  one  of  its  first  Presidents.  From  the  beginning  he 
had  been  a  very  active  member  of  our  executive  board  and 
always  most  liberal  in  contributing  to  its  support.  Although 
quiet  and  retiring  in  his  ways  he  always  participated  in  the  in- 
teresting discussions  which  followed  the  scientific  papers  read 
at  the  Society's  meetings  and  two  of  his  own  lectures  before  its 
members,  those  upon  the  **Geology  of  Buffalo"  and  upon  the 
**Origin  of  Life"  have  been  published  in  pamphlet  form  as  well 
as  in  the  memorial  volume  issued  after  his  death.  His  last 
public  utterance  was  his  inaugural  address  delivered  February 
17,  1882,  upon  taking  office  as  President. 

He  was  always  profoundly  impressed  with  the  educational 
work  which  the  Society  attempted  and  with  its  possibilities  and 
after  his  death  it  was  found  that  under  the  provisions  of  his 
will,  one  third  of  the  income  of  his  estate  was  to  be  reserved  as 
an  accumulative  fund  until  the  death  of  his  widow  when  the 
whole  estate  should  be  divided  equally  between  his  daughter 
and  the  Buffalo  Society  of  Natural  Sciences  as  an  endowment 
for  a  free  school  of  Natural  Science  **or  for  the  purpose  of  ad- 
vancing the  interests  of  Natural  Science  in  the  City  of  Buffalo." 
There  could  be  no  finer  g^ift  to  the  cause  of  scientific  education 
and  no  finer  tribute  to  the  unselfish  devotion  of  the  giver  to  that 
cause  than  is  this  noble  benefaction. 

At  the  time  of  Dr.  Hayes'  death,  Dr.  Lucien  Howe,  the 
First  Vice  President  became  President  and  had  the  honor  of  re- 
election February  16,  1883,  to  by  followed  in  1884  by  Mr.  David 
F.  Day,  in  1885  by  Dr.  Leon  F.  Harvey  and  in  1886  by  Professor 
D.  S.  Kellicott  who  held  the  office  for  three  years.  Professor 
Kellicott  had  Ic^ng-  been  an  interested  member  of  the  Society 
and  active  in  scientific  investigation,  contributing  frequent  ar- 
ticles to  the  various  science  journals,  always  illustrative  of  orig- 
inal work.  In  charge  of  the  science  studies  at  the  Buffalo  State 
Normal  School  it  was  mainly  by  his  endeavors  that  the  science 
building  was  added  to  its  equipment.  When  he  resigned  in  1888 
to  become  Professor  of  Zoology  and  Comparative  Anatomy  at 
the  Ohio  State  University,  Columbus,  Ohio,  his  departure  was 
deeply  regretted  by  all  who  knew  and  appreciated  the  valuable 
service  he  had  rendered  to  Buffalo. 


Pkof.   DAVID  S.   KELLICOTT 
President  Society  of  Natural  Sciences 
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For  twenty  two  years  the  Young  Men's  Association  Li- 
brary, the  Society  of  Natural  Sciences,  the  Fine  Arts  Academy 
and  the  Historical  Society  occupied  the  old  St.  James'  Hotel  and 
Hall  property  at  the  corner  of  Main  and  Eagle  Streets,  but  in 
the  later  years  when  the  library  and  the  several  collections  had 
grown  to  large  and  valuable  proportions,  there  had  developed 
a  strongly  increasing  desire  to  see  these  possessions  more  safely 
housed  and  more  adequately  provided  for  in  a  fire  proof  build- 
ing. In  the  autumn  of  1882  steps  were  taken  by  nine  public 
spirited  citizens  of  Buffalo  to  secure  from  the  Board  of  Super- 
visors the  site  once  occupied  by  the  old  county  buildings  at  the 
corner  of  Washington  and  Clinton  Streets,  which  had  been 
vacated  in  1876.  April  18,  1883  a  meeting  of  prominent  men 
was  held  at  the  residence  of  Mr.  Sherman  S.  Jewett  when  a 
plan  was  submitted  for  erecting  on  that  site  a  suitable  fire  proof 
building  for  the  joint  occupancy  of  the  Library  and  its  three 
sister  societies.  This  plan  met  with  such  hearty  approval  that 
the  undertaking  was  at  once  entered  upon  with  vigor.  At  the 
meeting  of  the  Society  of  Natural  Sciences  held  April  24,  1883, 
a  resolution  was  adopted  **That  the  Buffalo  Society  of  Natural 
Sciences  most  cordially  approves  of  the  project  as  one  which  will 
materially  aid  in  forwarding  the  cause  of  education  in  this  city. 
That  a  committee  of  five  be  appointed  from  this  society  to  advise 
with  and  assist  other  committees  appointed  for  this  purpose. 
That  we  earnestly  entreat  all  friends  of  our  Society  to  forward 
this  work  in  every  way  in  their  power,  feeling  that  now  is  the 
time  to  place  these  institutions  in  a  position  which  will  make 
them  an  honor  to  the  city,  and  will  materially  increase  their 
powers  of  usefulness. " 

It  was  necessary  that  in  addition  to  the  funds  to  be  ob- 
tained by  a  loan  upon  the  Main  and  Eagle  Street  property,  an 
additional  $100,000.00  should  be  raised  by  subscription  and  in 
the  campaign  which  now  followed  to  secure  this  sum  the  mem- 
bers of  the  Society  of  Natural  Sciences  were  earnest  and  actively 
vigorous  in  generous  assistance.  When  the  final  appeal  was  made 
to  the  public  at  large,  the  result  was  a  happy  surprise  to  all  con- 
cerned. A  building  fund  suscription  of  $  11 7, 000  00  was  secured, 
after  much  mutual  conference  plans  were  prepared  and  adopted 
and  in  January  1885,  the  contracts  for  the  principal  work  were  let. 
The  noble  structure  which  was  to  become  not  only  an  architec- 
tural ornament  but  a  powerful  moral  force  as  well  in  this  city 
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slowly  moved  onward  toward  completion,  and  on  the  7th  of 
February,  1887  was  formally  opened  to  the  public  with  fitting 
inaugural  exercises.  The  venerable  and  beloved  Bishop  of 
Western  New  York,  Rt  Rev.  Arthur  Cleveland  Coxe,  D.  D. 
offered  the  dedicatory  prayer  closing:  with  this  solemn  dedication. 

**In  the  name  of  God,  Amen:  We  pronounce  this  house 
opened  and  devoted  to  the  good  of  human  minds  and  spirits: 
and  may  the  blessing  of  the  Father  and  of  the  Son  and  of  the 
Holy  Ghost  rest  upon  it,  henceforth  and  forevermore.     Amen. " 

Following  the  inaugural  address  of  Mr.  Jewett  M  Rich- 
mond, President  of  the  Young  Men's  Association  and  that  of 
Hon.  Sherman  S.  Rogers  of  the  Fine  Arts  Academy,  Prof. 
David  S.  Kellicott,  President  of  the  Society  of  Natural  Sciences 
spoke  on  its  behalf,  calling  public  attention  to  what  the  Society 
had  accomplished  in  the  first  quarter  of  a  century  of  its  existence 
then  just  ended  and  followed  his  brief  historical  sketch  by  a 
consideration  of  some  of  the  reasons,  so  far  as  the  public  is 
concerned,  why  it  and  its  kindred  societies  exist,  claiming  justly 
that  they  are  educators  in  the  broadest  sense  and  their  purpose 
to  encourage  investigation,  to  discover  and  make  known  the 
facts  and  laws  of  Nature,  that  knowledge  which  becomes  of 
more  and  higher  importance  as  society  advances,  calling  atten- 
tion to  the  fact  that  here  its  discussions  are  public,  its  valuable 
collections  and  its  large  scientific  library  always  freely  open  for 
profitable  study,  inviting  the  good  people  of  Buffalo  to  a  more 
thorough  acquaintance  and  a  deeper  general  interest  in  its 
work,  ending  with  the  words  **The  Society  is  your  own,  one  of 
your  educators,  know  it,  respect  it,  cherish  it.'* 

There  had  been  no  small  labor  in  moving  the  collections 
and  their  cases  from  the  old  building  into  the  beautiful  home 
now  provided  for  them,  but  when  this  had  been  accomplished 
and  the  collections  again  arranged  and  displayed  it  seemed  as 
if  our  public  spirited  men  and  women  had  indeed  proved  them- 
selves to  be  that  which  Judge  Clinton  with  prophetic  eye  had 
claimed  for  them  in  his  welcoming  address  to  the  American 
Association  in  1866  and  had  made  good  that  **respect  for  lit- 
erature, for  art  and  for  science"  which  he  asserted  as  their 
attribute  at  that  time.  When  the  collections  had  been  placed 
the  rooms  were  formally  inaugurated  on  the  evening  of  June  14, 
1887,  when  after  proper  words  of  welcome  by  the  President  Prof. 
Kellicott,   an  able  address  was  delivered  by  Prof.   Edward  S. 


Hon.   DAVID  F.   DAY 
President  Society  of  Natural  Sciences 
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Morse  of  Salem,  Mass.  who  came  at  the  generous  invitation  of 
Mr.  Henry  A.  Richmond  to  speak  on  the  purpose  and  value  of 
Scientific  Societies. 

And  so  the  Society  found  itself  fairly  embarked  upon  the 
second  quarter  of  its  useful  life  comfortably  and  safely  housed 
and  with  renewed  vitality.  It  seemed  indeed  an  especial  good 
fortune  that  the  Young  Men's  Library  and  the  collections  of  the 
three  sister  organizations  were  thus  secured  in  safety,  for  on 
the  1 8th  day  of  March,  1887,  the  building  which  they  had  oc- 
cupied for  so  many  years,  regarding  which  its  occupants  had 
grown  so  fearful  and  which  had  now  become  *'The  Richmond'* 
hotel,  was  destroyed  by  fire  and  the  terrible  loss  of  life  which 
then  occured  cast  a  gloomy  shadow  over  the  whole  community 
and  all  its  rejoicings.  It  seemed  a  singular  fact  that  this  was 
the  Library's  second  close  escape  from  destruction,  for  the 
American  block  which  it  had  occupied  for  several  years  was 
burned  January  25th  1865,  just  fifteen  days  after  the  removal  to 
St.  James*  Hall. 

The  rooms  provided  for  the  Society  of  Natural  Sciences 
and  now  opened  by  it  for  free  public  use,  were  in  the  base- 
ment of  the  new  building  and  included  an  assembly  room  for 
public,  lectures  and  the  Society  meetings.  Other  rooms  were 
devoted  to  geology,  mineralogy,  botany  and  the  various  exhib- 
its of  scientific  possessions,  one  room  being  given  to  the 
remarkable  collection  of  fossils  from  the  water  lime  group 
near  Buffalo  presented  by  Mr.  Lewis  J.  Bennett,  so  long  the 
warm  and  generous  friend  of  the  Society,  comprising  323 
valuable  specimens,  and  unique  in  the  large  number  and 
variety  of  specimens  of  the  Eurypterids  of  which  many  are 
types,  making  it  the  most  complete  and  valuable  collection 
of  water  lime  fossils  in  existance.  For  sixteen  years  these 
basement  rooms  were  the  Society's  home  and  as  collections 
grew  and  the  library  increased  in  size  it  became  impossible 
to  find  room  and  valuable  exhibits  were  of  necessity  stored 
away  until  in  1902  the  Buffalo  Historical  Society  which  had 
occupied  the  upper  floor  of  the  Library  building  found  a  new 
home  in  the  beautiful  marble  structure  which  the  State  of 
New  York  erected  in  Delaware  Park  for  the  Pan-American 
Exposition.  With  their  departure  the  Society  of  Natural 
Sciences  was  kindly  permitted  to  occupy  the  upper  floor  as 
well  as  the  basement,    to   the   great   relief   of  all   concerned. 
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A  new  and  more  commodius  lecture  room  was  thus  provided 
as  well  as  better  rooms  for  the  Society's  scientific  library  of 
about  5000  volumes,  for  the  conchological  exhibit  and  for  the 
excellent  archaeological  collection  of  some  5500  specimens. 
This  latter  collection  had  grown  from  small  beginnings  to 
assume  a  representative  character,  gaining  greatly  by  the  gen- 
erosity of  Mr.  Fred.  S.  Dellenbaugh,  Dr.  Ernest  Wende,  Mr. 
Frederick  Houghton,  Mr.  D.  M.  Silver  and  others,  by  the  acqui- 
sition of  the  unique  collection  of  Chiriqui  pottery,  purchased 
for  the  Society  by  Mr.  David  F.  Day,  Dr.  W.  C.  Barrett  and 
Dr.  Lee  H.  Smith,  and  the  Riggs  Collection  of  Mound  Builder 
pottery  obtained  in  189 1.  At  the  close  of  the  Pan-American 
Exposition  in  1901  all  of  the  African  Village  archaeological 
exhibits  were  secured  for  the  Society  by  Mr.  Edgar  B.  Stevens, 
Dr.  Lee  H.  Smith  and  Mr.  Robert  R.  Hefford. 

The  exhibit  of  mammals  includes  the  finest  group  of  the 
American  Bison  ever  mounted,  a  superb  group  of  Rocky  Moun- 
tain Goats  and  a  large  number  of  other  groups,  scarcely  less 
noteworthy  All  of  these  beautiful  groups  show  the  great  skill 
of  Mr.  Herman  Grieb  the  well  known  taxidermist  who  has 
been  for  many  years  a  generous  and  faithful  friend  of  the 
Society  and  its  fellow  worker.  The  cases  for  these  groups  as 
well  as  the  greater  portion  of  those  used  for  the  Society's 
collections  have  been  made  by  Mr.  H.  W.  Kruse  of  this  city 
and  show  his  always  able  workmanship. 

The  Ward  collection  of  casts  of  fossil  remains  is  of  great 
value  to  students.  The  geological  and  the  mineralogical  col- 
lections are  very  comprehensive  in  scope  and  are  being  con- 
stantly increased.  A  recent  accession  is  a  splendid  meteorite 
from  the  celebrated  Canon  Diablo,  presented  by  Mr.  Andrew 
Langdon  in  1906.  The  famous  Clinton  Herbarium  has  been 
already  mentioned  as  also  the  fine  Bodemeier  Collection  of 
European  Birds  and  in  addition  to  this  the  collection  of  New 
York  State  birds  is  practically  complete.  The  conchological 
collection  includes  a  considerable  number  of  types  described 
and  presented  by  Dr.  Isaac  Lea,  as  well  as  a  complete  collec- 
tion of  local  species.  The  Kellicott  collection  of  types  of  fresh 
water  sponges  is  unique  of  its  kind.  The  valuable  reference 
Library  of  scientific  publications  contains  over  5000  bound 
volumes  and  is  being  rapidly  increased  by  the  Society's 
exchanges. 


HENRY  P.   EMERSON 
FresiUeut  Society  of  Natural  Sciences 
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After  the  resignation  of  Mr  Grote  as  Director  of  the 
Museum,  Charles  Linden  again  assumed  that  responsibility 
and  under  his  supervision  Dr.  Julius  Pohlman  acted  as  custo- 
dian and  librarian  until  May  1890  when  his  resignation  was 
accepted.  Dr.  W.  C.  Barrett  was  then  made  Director  of  the 
Museum  and  Miss  Amanda  M.  Crawford  was  employed  to 
arrange  and  classify  some  of  the  collections.  February  u, 
1892  Mr.  Frederick  K.  Mixer  was  appointed  Director  and  had 
charge  of  the  Society's  collections  for  seven  years. 

Mr.  Mixer  was  a  close  and  careful  student  of  Geology 
and  Mineralogy  and  classes  were  organized  by  him  for  science 
work  and  successfully  carried  on  under  his  management.  When 
he  resigned,  October  6,  1899,  Miss  Elizabeth  J.  Letson,  who 
had  for  several  years  been  engaged  in  special  work  for  the 
Society  was  made  Director  of  the  Museum,  an  office  which 
she  still  holds  (1907)  after  a  faithful  service  of  fifteen  years 
since  she  first  entered  the  Society's  employment.  In  1905 
the  State  Museum  at  Albany  published  a  check  list  of  the 
Mollusca  of  New  York  prepared  by  Miss  Letson,  who  received 
the  honorary  degree  of  Sc.  D.  from  Alfred  University  in 
1906,  and  in  recognition  of  its  worth,  she  has  now  (1907) 
been  commissioned  to  prepare  a  monograph  upon  the  Land  and 
Fresh  Water  Shells  of  New  York  State  to  be  freely  illustrated 
with  colored  plates  and  published  by  the  State. 

May  28,  1889,  Hon  David  F.  Day  was  elected  President 
of  the  Society  to  succeed  Professor  Kellicott  and  held  that 
office  for  three  years.  One  of  its  original  founders,  the  close 
friend  and  associate  of  Judge  Clinton  in  their  favorite  study 
of  botany  in  which  both  were  famous,  Mr.  Day  was  from  its 
first  beginnings  until  he  died,  August  21st,  1900,  a  firm  and 
steadfast  friend  to  the  Society  of  Natural  Sciences  and  de- 
voted to  its  highest  interests.  Deeply  concerned  in  all  Nat- 
ural Science  work,  he  was  especially  interested  in  studying  the 
flora  of  Western  New  York  and  his  check  lists  of  the  plants 
of  Buffalo  and  its  vicinity,  published  in  the  Society's  bulletins 
are  considered  as  authoritative  and  complete.  Conservative  in 
temperament,  <3eliberate  and  thoughtful  in  action  and  speech, 
his  conclusions  were  well  grounded,  logical  and  always  worthy 
of  consideration  and  acceptance  by  his  fellow  workers  in  the 
field  of  science,  and  in  this  Society  which  he  had  cherished 
and  served  so  long,  his  loss  was  and  is  most  deeply  fait. 


22  HISTORICAL    SKETCH 

In  1892  Mr.  Henry  P.  Emerson,  Superintendent  of  Public 
Schools  became  President  and  was  succeeded  in  1893  bj^  Mr. 
William  H.  Glenny  who  did  much  to  further  the  successful 
work  of  the  Society.  From  1896  to  1899  Dr.  Roswell  Park 
was  President,  followed  in  that  year  by  Dr.  Lee  H.  Smith, 
always  most  actively  concerned  in  the  Society's  welfare.  For 
four  years  Dr.  Smith  was  annually  re-elected  as  President  but 
in  1903  was  succeeded  by  Hon.  T.  Guilford  Smith,  LL.  D.  who 
still  continues  in  that  office. 

Himself  a  Regent  of  the  University  of  the  State  of  New 
York,  and  deeply  interested  in  the  cause  of  public  education, 
chairman  of  the  Museum  Committee  in  charge  of  the  scientific 
work  of.  the  State  since  his  election  in  1890,  and  a  member  as 
well  of  many  institutional  boards  and  public  societies,  Mr. 
Smith  has  done  much  to  enlarge  the  scope  of  the  Society's 
connections  and  correspondence  with  other  similar  organizations 
and  to  increase  the  extent  of  its  public  usefulness. 

The  Field  Club,  which  began  in  1872  was  the  earliest 
affiliated  branch  of  the  Society,  but  as  the  years  went  on  other 
branches  were  organized  and  gradually  the  Microscopical  Club, 
the  Archaeological  Club,  the  Agassiz  Association,  the  Ento- 
mological Section,  the  Conchological  Section  and  the  Elect- 
rical Society  came  into  existence  as  working  parts  of  the  parent 
Society  which  furnished  the  gathering  place  for  their  meetings 
and  the  generous  use  of  its  collections  and  apparatus  for  their 
studies.  A  constant  disposition  has  been  shown  to  co  operate 
with  any  organization  that  has  in  view  scientific  research  and 
public  instruction. 

Beginning  with  such  names  as  those  of  Benjamin  Silliman 
and  Louis  Agassiz  in  1862,  the  Society  of  Natural  Sciences  has 
brought  many  famous  men  to  Buffalo  during  the  forty  six  years 
of  its  existence.  Its  lecture  rooms  have  been  crowded,  often 
to  repletion,  by  the  good  people  of  our  city  eager  to  hear  the 
great  men  of  science  who  have  come,  upon  the  Society's  invita- 
tion, to  honor  us  with  their  presence  and  charm  us  by  their 
utterance. 

In  addition  to  the  first  natural  function  of  the  Society, 
the  stimulation  and  encouragement  of  original  research  in  the 
various  departments  of  Natural  Science,  —  endeavers  in  which 
it  has  been  eminently  successful,  —  its  controlling  purpose  has 
always  been  to  further  the  educational  work  of  Buffalo  by  every 
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means  in  its  power.  To  this  end  for  nearly  half  a  century  its 
Museum  and  library  has  been  opened  to  the  people  for  their 
free  use,  and  its  popular  lecture  courses  have  been  given  each 
winter,  upon  scientific  subjects  which,  could  interest  the  public 
and  especially  awaken  the  enthusiasm  of  our  high  school  pupils 
and  those  of  the  upper  grades  in  our  grammar  schools. 

Every  facility  for  studv  for  these  and  for  all  students  has 
at  all  times  been  freely  placed  at  their  command.  The  Society 
has  always  realized  the  important  position  which  a  great  scientific 
museum  should  occupy  in  the  educational  system  of  our  city 
and  has  always  opened  its  doors  freely  to  the  public.  The 
immediate  result  of  the  resolution  adopted  at  the  meeting  of 
April  II,  1879,  encouraging  the  tentative  effort  of  the  Depart- 
ment of  Public  Instruction  to  introduce  elementary  science 
work  in  the  Buffalo  grammar  schools,  was  to  bring  the  science 
teachers  with  their  classes  to  the  Society's  rooms  where  the 
various  collections  were  displayed  for  their  convenience.  Trav- 
elling collections  of  scientific  exhibits  were  prepared  and  loaned 
to  the  schools.  Then  acting  up. .n  a  plan  first  conceived  by 
Prof.  Frederick  Houghton  and  Dr.  Lee  H.  Smith,  special  lec- 
tures upon  familiar  topics  of  general  interest  for  the  schools 
such  as  *'Bees",  **Birds",  and  * 'Insects",  were  arrani^ed  and 
proved  successful  and  from  these  beginnings  our  present  educa- 
tional work  has  been  evolved  A  projection  apparatus  was 
added  to  the  Society's  equipment  and  employed  to  illustrate 
talks  given  by  school  principals  or  class  teachers. 

Finally  in  1905,  by  arrangement  with  the  Department  of 
Public  Instruction,  the  Society's  rooms  were  placed  at  the  dis- 
posal of  the  Superintendent  of  Education  for  the  establishment 
of  regular  hours  of  instruction  by  illustrated  lectures  to  the  chil- 
dren of  the  public  schools,  these  lectures  becoming  an  integral 
part  of  the  school  requirements,  the  attendance  of  the  grammar 
grade  classes  being  made  compulsory  The  services  of  Dr. 
Carlos  E.  Cummings,  as  lecturer  were  secured  by  the  Society 
at  its  own  expense  and  these  courses  of  instruction  in  elemen- 
tary science  as  given  by  the  Society  have  now  been  carried  on 
for  three  years  with  most  satisfactory  results.  During  the  last 
year  ending  June,  1907,  190  lectures  were  given  to  a  total 
attendance  of  19731  public  school  children,  the  subjects  being 
**Bees'\  **Birds",  ^'Tropical  Products",  **Physiology'\  and 
•*Coal  and  Iron".       An   exceedingly    interesting    and   detailed 
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account  of  these  lectures  written  by  Dr.  Cummings  was  given 
in  a  bulletin  published  by  the  Society  in  1906,  The  Society 
owns  a  valuable  and  most  interesting  series  of  nearly  2000  lantern 
slides  which  it  has  prepared  for  this  most  important  branch  of 
its  work.  It  has  been  Ihe  pioneer  among  the  Societies  of 
Natural  Science  in  establishing  in  this  way  a  direct  educational 
relationship  to  the  public  school  system  of  a  great  city.  Its 
success  has  awakened  a  wide  spread  interest  throughout  the 
United  States  and  Canada;  many  letters  of  inquiry  regarding 
our  methods  are  constantly  being  received  and  other  Scientific 
Societies  in  leading  cities  are  already  seeking  to  follow  the 
example  set  them  here.  During  the  summer  of  1907  Dr. 
Cummings  has  been  invited  by  Dr.  George  E.  Vincent  of  the 
Chautauqua  assembly  to  deliver  his  lectures  there,  with  an 
advanced  course  for  Science  teachers  attending  that  summer 
school. 

On  the  13th  of  March,  1903,  Mr  Dexter  P.  Rurasey  and 
the  heirs  nf  Bronson  C.  Rumsey  of  Buffalo,  conveyed  as  a  gift 
to  the  Buffalo  Society  of  Natural  Sciences  a  plot  of  land  having 
a  frontage  of  150  feet  on  Elrawood  Avenue  lying  southward 
from  the  southerly  boundary  of  Delaware  Park  with  a  depth  of 
aSo  feet  to  a  proposed  street  that  will  be  parallel  to  Elmwood 
Avenue,  This  beautiftil  property,  valued  at  about  $30000.00 
wa^  generously  given  as  the  site  for  a  building  suited  to  the 
Society's  purposes.  Plans  for  such  a  building  have  been  pre- 
pared by  Messrs.  Hreen  and  Wicks  an  i  it  is  greatly  hoped  that 
in  the  near  future  the  necessary  means  may  be  ]>rovided  for  its 
erection  as  a  permanent  home  for  the  Museum,  with  the  proper 
lecture  mums  and  laburatorics  for  its  educ^itional  work. 

It  is  now  fortysi.\  years  since  the  llufTalo  Society  of 
Natural  Siieiiecs  wiis  first  organi^^eil.  Of  the  one  hundred  and 
twenty  nine  memhcis  who  joined  in  that  organisation  hut  six- 
teen are  still  living,  but,  as  the  years  have  slipp-d  bj'.  the 
places  of  those  wlio  have  pa.'iscd  away  have  been  taken  by 
others  who  have  labored  with  zeal  to  mamtain  the  high  ideal  of 
service  wliieli  has  ever  charaeteri/fd  the  Society's  endeavors. 
It  has  -rowii  fmrn  the  smallest  beginnings  to  the  recognized 
]ji)siti'in  {)f  inlbicnee  winch  it  occupies  today.  It  is  an  educa- 
tional factor  (if  110  Muall  imiiortanee  in  the  .seh'io]  .system 
r.f  our  great  city  and   has  become  a  teacher  to  otjier  .scientific 
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societies  elsewhere  who  are  glad  to  profit  by  our  successful  ex- 
perience. 

From  the  beginning  the  Society  has  had  to  contend  with 
the  adverse  conditions  of  poverty.  Its  limited  financial  resources 
have  often  forbidden  undertakings  of  great  promise.  Never- 
theless, thanks  to  its  faithful  friends  who  have  saved  it  from 
disaster,  it  has  been  able  to  maintain  a  highly  honorable  exist- 
ence and  to  show  a  steady  growth. 

It  is  expected  that  the  Hayes  bequest  will  greatly  assist 
in  its  educational  work,  and  it  is  hoped  that  with  this  prospect 
of  usefulness  in  sight,  its  membership  may  now  be  largely  in- 
creased and  that  it  may  be  enabled  to  undertake  the  duties  that 
clearly  lie  before  it  with  vigor  and  with  the  knowledge  that  its 
efforts  will  be  widely  acknowledged  and  generously  sustained. 

Hknry  R.    Rowland. 
July  I,    1907. 


The  Trustees 
of  the  Permanent  Fund 

As  has  been  briefly  stated  in  the  foregoing  sketch,  on  the 
13th  of  February  1874,  Dexter  P.  Rumsey,  Dr.  George  E. 
Hayes  and  O.  H.  Marshall  were  appointed  as  Trustees  of  the 
Permanent  Fund  which  had  its  first  beginnings  in  the  generous 
legacy  of  Coleman  T.  Robinson.  Upon  their  organization  Mr. 
Charles  D.  Marshall  was  made  the  Treasurer  of  the  Fund  and 
through  all  the  changes  that  have  since  occurred  he  has  contin- 
ued to  hold  that  responsible  office. 

Any  record  of  the  Society's  history  would  be  incomplete 
that  failed  to  pay  a  tribute  of  grateful  appreciation  to  Mr. 
Marshall  for  the  unselfish  and  devoted  service  to  the  Society's 
best  interests  which  he  has  so  freely  given  for  more  than  thirty- 
three  years.  The  watchful  care  of  its  investments  has  taken  up 
no  small  portion  of  his  time  and  attention,  the  burden  naturally 
falling  upon  his  shoulders.  One  of  the  original  organizers  of 
the  Society  in  1861,  as  well  as  one  of  its  incorporators  in  1863 
his  interest  in  its  welfare  has  been  unfailing  and  that  interest 
has  had  its  practical  manifestation  in  the  painstaking  service  of 
so  many  years.  In  this  the  Society  has  indeed  been  fortunate. 
Those  who  with  Mr.  Charles  D.  Marshall  are  now  Trustees  of 
the  Permanent  Fund  are,  Mr.  William  H.  Glenny,  Mr.  Robert 
R.  Hefford  and  Mr.  H.  H.  Littell. 

H.     R.     HOWLAND. 
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At  the  Annual  meeting  of  the  Buffalo  Society  of  Natural 
Sciences  held  May  17,  1907  at  which  Hon.  T.  Guilford  Smith, 
LL.  D.,  President  of  the  Society,  presided,  the  President's 
address  traced  the  growth  and  development  of  the  Society  from 
its  small  beginnings  and  dwelt  upon  the  important  educational 
work  which  it  is  now  doing,  the  value  of  that  work  to  this  city 
in  its  co-operation  with  the  Department  of  Public  Instruction, 
in  its  free  lecture  courses  and  in  its  valuable  scientific  collec- 
tions which  are  at  all  times  open  to  the  public.  The  recent 
Bulletin  reviewing  the  work  which  the  Society  has  done  in  co- 
operation with  the  Public  Schools,  has  awakened  a  wide  spread 
interest  and  other  Cities  than  our  own  are  following  our 
example.  In  this  great  work  we  have  taken  the  lead  and  it  is 
planned  not  only  to  continue  it  but  to  extend  the  scope  of  its 
usefulness. 

The  reports  of  officers  and  committees  were  then  sub- 
mitted. 

EDUCATIONAL  REPORT. 

The  Report  of  the  Committee  on  Education,  in  the  ab- 
sence of  the  chairman,  was  made  by  Dr.  Carlos  E.  Cummings 
who  stated  that  his  work  during  the  year  covered  190  lectures 
given  by  him  at  the  Society's  rooms  to  the  children  of  the 
Buffalo  Public  Schools,  as  shown  in  the  following  schedule. 
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No. 

Subject 

Grade 

Date 
begun 

Date 
ended 

No.  of 
Lectures 

Atten- 
dance 

I 

Bees 

7 

May      14 

June 

1 

24 

2663 

SUMMER  VACATION. 

II 

Birds 

7 

Nov.     20 

Feb. 

5 

47 

3208 

III 

Physiology 

9 

Dec.       14 

Jan. 

11 

13 

515 

IV 

Tropical  Products 

6 

Feb.        5 

March 

8 

34 

4862 

V 

Coal  and  Iron 

5 

March  13 

April 

18 

30 

3914 

VI 

Physiology 

9 

April     29 

June 

14 

23 

1477 

VII 

Bees 

t 

May      13 

June 

14 

19 

3092 

Total  number  of  lectures  190  Total  attendance  19,731 

All  of  these  lectures  are  illustrated  by  the  materials  iu 
our  own  Museum.  In  series  I  and  VII  a  full  hive  with  the 
bees  at  work  is  used,  as  well  as  an  empty  hive  showing  the 
frames,  bee -cells,  etc..  and  a  series  of  lantern  slides  illustrating 
the  principal  features  of  bee  life  as  indicated  by  John  Burrough's 
stories  about  bees,  used  in  the  schools  as  a  reader. 

In  series  II  is  used  the  fine  set  of  lantern  slides  owned 
by  the  Society,  illustrating  birds  and  their  homes. 

The  lectures  on  Physiology,  series  III  and  VI  were  tried 
for  the  first  time  last  year  and  have  proven  to  be  the  most 
popular  in  our  courses.  The  State  Regents  require  a  certain 
amount  of  practical  experimental  work  before  the  classes  and 
as  the  Public  Schools  do  not  have  adequate  facilities  for  such 
work,  the  ninth  grade  classes  have  come  to  us  for  it.  All  the 
experiments  required  are  given  before  these  classes,  the  cir- 
culation of  the  blood  in  the  tissues  is  demonstrated  and  when 
desired  by  the  teacher,  photo- micrographs  illustrating  normal 
histology  are  thrown  upon  the  screen  and  explained  to  the 
pupils.  The  skeleton  purchased  last  year  has  also  been  in 
daily  use. 

In  series  IV  for  the  6th  grade  the  lectures  are  illustrated 
by  the  specimens  of  tropical  fruits  displayed  in  the  cases  and  by 
numerous  lantern  slides  of  scenes  in  Jamaica  and  Mexico. 

The  lectures  on  Coal  and  Iron  (Series  V)  failed  some- 
what of  their  purpose  as  a  portion  of  these  fifth  grade  pupils 
had  not  begun  the  study  of  United  States  Geography. 

The  Schedules  for  these  lectures  are  prepared  by  the 
Department  of  Public  Instruction  and  placed  in  the  hands  of  the 
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school  principals  and  the  spirit  of  hearty  cooperation  shown 
by  principals  and  teachers  alike  has  been  most  encouraging. 

RECORDINQ  SECRETARYS  REPORT. 

The  Recording  Secretary,  Dr.  Carlos  E.  Cummings, 
reported  that  as  a  delegate  of  the  Society  he  attended  the  Tenth 
International  Geologic  Congress  at  Mexico  City  in  August,  1906, 
visiting  with  other  delegates  the  cities  of  Puebla,  Oaxaca  and 
Tehuacan,  from  which  side  trips  were  made  to  the  interesting 
ruins  of  Mitla  and  the  cactus  country  of  Zapotitlan.  During 
the  sessions  of  the  Congress  which  were  held  at  the  National 
Institute  of  Geology,  trips  were  made  to  Cuernavaca,  Pachuca 
and  to  the  Pyramids  of  Teotehuacan.  At  the  close  of  the  Con- 
gress, he  visited  the  coast,  passing  through  Jalapa,  Vera  Cruz 
and  Orizaba,  following  this  by  a  thirty  days'  journey  from 
Mexico  City  northwest  to  the  American  frontier  and  returning 
to  the  Capital.  He  was  thus  enabled  to  secure  for  the  Society 
a  large  amount  of  exhibition  material,  illustrating  the  mineral 
resources  of  Mexico  and  also  about  a  thousand  photographic 
negatives  from  which  about  700  lantern  slides  have  been  made 
for  lecture  work.  As  will  be  seen  Dr.  Cummings  delivered 
four  of  the  lectures  in  the  general  course,  of  which  three  were 
descriptive  of  Mexico,  and  one  of  the  Island  of  Jamaica. 

He  also  reported  his  trip  to  the  Lake  Superior  Copper 
region  in  Jime  1906  when  he  visited  the  Calumet  properties 
and  other  mines  in  the  vicinity  of  Houghton,  Michigan,  secur- 
ing many  valuable  exhibits  of  copper  ores  and  interesting 
photographs. 

As  a  delegate  of  the  Society  he  attended  the  meeting  of 
the  American  Association  for  the  Advancement  of  Science  at 
New  York  in  December  1906,  also  representing  the  Society  at 
the  Memorial  Services  held  at  Wyoming,  N.  Y.  in  honor  of  the 
late  Professor  Henry  A.  Ward  and  at  his  funeral. 

He  reported  that  in  addition  to  his  lecture  work  for  the 
schools  he  had  added  largely  to  our  collection  of  lantern  slides, 
which  now  numbers  nearly  2000  pictures  including  the  Mexican 
slides,  about  300  referring  to  Jamaica,  the  remainder  illustrat- 
ing subjects  of  Nature  study.  Of  these  the  series  illustrating 
birds  and  their  nests  is  especially  fine  and  the  Society  is  greatly 
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indebted  to  Mr.  James  Savage  for  lending  his  splendid  neg- 
atives of  bird  homes. 

During  the  year  several  delegations  of  British  school 
teachers  visiting  this  country  to  inspect  American  methods  of 
teaching,  have  been  received  at  our  rooms  where  they  have 
inspected  our  collections,  listened  to  lectures  and  have  been 
greatly  interested  in  our  own  methods  of  conducting  educational 
work. 

DIRECTOR  OF   THE    MUSEUM. 

The  Director  of  the  Museum,  Miss  Elizabeth  J.  Letson, 
reported  the  numerous  donations  to  the  Museum  which  have 
been  made  by  generous  friends  during  the  year,  including  the 
valuable  Meteorite  from  Canon  Diablo,  Arizona,  presented  by 
Mr.  Andrew  Langdon,  and  the  portrait  of  the  late  Prof.  Henry 
A.  Ward,  given  by  his  son. 

As  in  past  years  the  teachers  of  our  public  schools  have 
made  continuous  use  of  our  various  collections  and  the  loan  or 
travelling  collections  furnished  to  all  of  the  public  schools  have 
included  specimens  from  nearly  every  department  of  our  Mu- 
seum. There  is  a  constant  demand  for  material  for  special 
nature  work  from  the  schools  and  from  private  teachers.  Some 
of  our  collections,  as  for  example,  our  birds,  show  the  effect  of 
this  constant  usage  and  may,  ere  long,  require  to  be  replaced. 

The  collection  of  birds*  eggs  has  been  catalogued  during 
the  year  by  the  card  system  as  used  in  libraries,  there  being 
also  an  accession  register.  The  work  of  labelling  and  cat- 
aloguing the  Conchological  Collection  is  now  in  hand,  the  cata- 
logue being  about  half  finished. 

Our  inventory  shows  that  the  Museum  contains  63,052 
specimens  in  all  its  departments  of  which  but  7,512  thus  far 
have  been  entered  in  our  new  card  system  catalogue.  It  seems 
important  that  this  catalogue  work  should  be  pushed  forward  as 
rapidly  as  our  means  will  permit. 

The  Director  of  the  Museum  represented  the  Society  in 
June  1906  at  the  Ithaca  Meeting  of  the  American  Association 
for  the  Advancement  of  Science  and  again  at  the  December 
Meeting  in  New  York  City.  At  this  time  all  of  the  Depart- 
ments of  Natural  History  and  Ethnology  united  in  an  exhibition 
given  at  the  New  York  Museum  of  Natural  History  for  the 
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purpose  of  illustrating  recent  advances  in  the  study  of  the 
natural  sciences.  By  invitation  of  the  Association  our  Society 
sent  a  collection  of  specimens  from  the  water  lime  which 
attracted  much  attention  in  the  exhibit  of  the  Geologic  section. 

In  September  1906  the  Director  of  the  Museum  attended 
the  International  Congress  of  Americanists  at  Quebec  and  in 
April  1907,  the  Meeting  of  the  American  Oriental  Society  at 
Philadelphia.  At  the  request  of  the  Society  she  has  also  visited 
Chicago  and  Detroit  in  connection  with  her  studies  of  certain 
groups  of  New  York  mollusks.  In  June  1906  the  Director 
received  the  honorary  degree  of  Doctor  of  Science  from 
Alfred  University. 

TREASURER'S  REPORT. 

The  Treasurer,  Mr.  Charles  R.  Wilson,  reported  as  follows: 

1900  KECEirTS, 

May  11.    Balance  on  hand 9  178.69 

Income  from  Permanent  Fund 1102.27 

City  of  liuffah) 1000.00 

Membership   Dues 713.00 

From  Estate  of  Dr.  (jeorj::e  E.  Hayes,  deed.. 

Amount  du(»  up  to  Nov.  21,  UKH} 55.83 

Borrowed  from  Maufrs.  &  Trad.  Nat.  Bank 2000.(M) 

Borrowed  from  Est.  of  <i.  E.  Hayes,  deed 1500.00 

1907        Interest  on   Bank  account 2.5.*{ 

May  17.    Total  amount  of  receipts i$()552.:{2 

DISBURSEMENTS. 

Salaries $2(>45.00 

Lectures  expenses 47().:{:{ 

Society  rooms  expenses 4S0.OO 

Travelling  expenses 430.75 

Museum  supplies,   material  and  repairs 320.40 

Stationery  and  Printing 43S.S0 

Gas  and  p:iectric  li^litiu^ 170  40 

Insurance 183. <)0 

Postage 33.00 

Miscellaneous  Expenses 104. :{0 

Commissions 02.20 

Estate  of  Oeo.  E.  Hayes,  dec'd.  Int.  on  note 50.00 

Manfrs.  &  Traders  Nat.  Bank,  Int 370.S7 

Chas.  H.  Ward,  work  on  Inventory 150.00         50.54.74 

1907 
May  17.    Balance  on  liand $  507.58 
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PERMANENT  FUND. 

The  Commissioners  of  the  Permanent  Fund,  by  Chas. 
D.  Marshall,  Treasurer,  reported  that  May  17,  1907  the  prin- 
cipal of  the  fund  aggregated  $24,827.50,  of  which  all  but 
$2677.50  is  invested  in  bonds  and  mortgages  and  that  the 
amount  of  interest  moneys  received  during  the  year  was 
$1102.27  which  has  been  turned  over  to  the  Treasurer  of  the 
Society. 

ROOMS  COMMITTEE. 

Mr.  H.  R.  Rowland,  Chairman  of  the  Rooms  Committee 
reported  that  during  the  year  just  ended  a  very  careful  in- 
ventory had  been  made,  begun  by  Mr.  Chas.  H.  Ward  of 
Rochester  who  had  been  employed  for  the  purpose  and  com- 
pleted by  our  staff  showing  the  number  of  specimens  in  the 
Society's  Collections  and  their  value  as  follows: 


No  of 

Section 

Specimens 

Value 

A 

Ornithology 

1610 

$  4729.80 

B 

Conchology 

11481 

1906.38 

C 

Ethnology  and  Archaeology 

5502 

22457.85 

D 

Mineralogy 

1976 

3437.50 

E 

Geology  and  Paleontology 

5210 

7463.40 

F 

Mammals 

28 

9546.25 

G 

Ichthyology 

242 

540.50 

H 

Herpetology 

128 

454.00 

I 

Entomology 

5347 

1304.75 

K 

Botany 

24084 

<5075.00 

L 

Economics  Collections 

7240 

2690.55 

U 

Osteology 

110 

6.36.25 

N 

Miscellaneous 

m 

436.00 

Total  Numbers ()3052  Value,  ^61678.23    ^61()78.23 

Furniture,  Cases,  Portraits  and  Apparatus 7322.91 

Library,  Bound  volumes  4620        Value,  $  8372.00 

Unbound     "  300  300.00 

Pamphlets  1245  124.00 

Maps  22  22.00 

Bulletins  on  hand  59G2  Est.  Cost,     4000.00       12951.50 


Total  Number 12149        Value  .fl6951.50    $81952.64 
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By  this  it  will  be  seen  that  the  Society's  Collections 
with  its  Library  and  its  furniture,  cases,  portraits 
and  apparatus  reach  a  total  value  of $   81,952.64 

To  this  add : 

Present  amount  of  Permanent  Fund 24,827.50 

Estimated  value  of  land  donated  by  the 

Rumsey  Estate  for  permanent  location 30,000.00 

Giving  as  our  total  assets  at  this  date $  136,780. 14 

Upon  its  possessions  now  in  the  Public  Library  Building 
the  Society  is  carrying  insurance  amounting  t<^  $34,000.00. 

During  the  past  year  a  new  system  of  electric  lights  has 
been  installed  in  the  lecture  room,  with  a  separate  connection 
for  the  stereopticon  by  means  of  which  the  room  can  be 
instantly  darkened  or  re- lighted  without  inconvenience  to  the 
audience.  This  system  has  been  inspected  by  the  Board  of 
Fire  Underwriters  and  pronounced  satisfactory. 

A  system  of  electric  lights  has  been  installed  in  the  dark 
room  and  other  facilities  arranged  including  several  new  sinks, 
an  electric  fan,  etc.  making  it  a  model  ro(;m  for  its  purposes. 

During  the  year,  the  bronze  tablet  with  bas-relief  por- 
trait, honoring  the  memory  of  Charles  Linden,  has  been  placed 
on  the  wall  of  the  Lecture  Hall. 

LECTURE  COMMITTEE. 

Mr.  Rowland  as  chairman  of  the  Lecture  Committee 
reported  that  during  the  year  eighteen  evening  lectures  have 
been  delivered  at  which  there  has  been  a  total  attendance  of 
about  3600  persons. 

The  names  of  the  lecturers  and  their  subjects  are  as 
follows : 

Nov.  2,  1906.  Mr.  Andrew  Langdon, 

**The  Fall  of  a  Celestial  Wanderer".  Illustrated. 

Nov.  19,  1906.  Dr.  Carlos  E.  Cummings, 

**Jamaica".  Illustrated. 

Nov.  23,  1906.      Prof.  P.  F.  Piper  and  Richard  F.  Morgan, 

**Cobalt  and  Vicinity".  Illustrated. 
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Dec.  14,  1906.  Dr.  Alice  Bennett, 

**Every  Day  Life  in  China".  Illustrated. 

Jan.  II,  1907.     Mr.  Warren  S.  Johnson,  Milwaukee,  Wis., 
**The  Air  We  Breathe". 

Jan.  18,  1907.   Dr.  Albert  T.  Clay,  Univ.  of  Penn.,  Phila.,  Pa., 
**Babylonia  In  The  Time  of  Abraham".  Illustrated. 

Jan.  23,  1907.        Mr.  George  Wharton  James, 

**The  Mysterious  Salton  Sea".  Illustrated. 

Jan,  25,  1907.  Dr.  E.  P.  Felt,  Albany, 

**Destructive  Leaf  feeding  Insects  and  Their  Control". 

Illustrated. 

Feb.  2,  1907.     Rev.  Peter  C.  Goldsmith,  Salem,  Mass. 

**A  Visit  to  Some  Mexican  Aborigines".  Illustrated. 

Feb.  8,  1907.  Dr.  Carlos  E.  Cummings, 

•*Mexico".  Illustrated. 

March  8,  1907.         Dr.  Carlos  E.  Cummings, 

*'01d  Mexico,  To  the  South".  Illustrated. 

March  15,  1907.         Mr.  Frank  A.  Converse, 

*'City  Milk  Supply".  Illustrated. 

March  22,  1907.  Mr.  N.  W.  Shed, 

* 'By- Product  Coke  and  the  Prevention  of  Smoke  in 

Large  Cities".  Illustrated. 

April  5,  1907.  Hon.  James  S.  Whipple, 

"Protection  for  Forests,  Fish  Sc  Game". 

Mr.  A.  Knechtel, 
''The  Forests  of  New  York  State".  Illustrated. 
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April  12,  1907.        Dr.  Carlos  £.  Cummings, 

**North  to  El  Paso.     Old  Mexico".  Illustrated. 

April  19,  1907.     Special. 

Prof.  Herman  C.  De  Groat, 

** Around  the  Circle  in  Colorado,  looo  Miles  Through 

The  Rockies".  Illustrated. 

May  3,  1907.         Rev.  Charles  Warren  Currier, 

**A  Tour  in  Spain".  Illustrated. 

LIBRARIAN. 

The  Librarian,  Mr.  Philip  S.  Smith,  reported  that  since 
his  last  report  and  since  the  date  of  the  inventory  the  following 
accessions  have  been  made  to  the  Library. 

Bound  Volumes 37 

Unbound     *'       200 

Pamphlets 55 

Publications  received  in  exchange  for 

our  bulletins 1932 

Donations  from  the  President 89 

**  **     Miss  Letson 17 

He  called  attention  to  the  crowded  condition  of  the 
library,  compelling  the  storing  of  all  foreign  accessions  and  of 
early  volumes  of  American  journals  in  order  to  make  room  for 
more  recent  numbers.  Of  the  500  unbound  volumes  he  recom- 
mended that  the  350  American  publications  be  bound  and  that 
for  the  present  the  foreign  publications  be  stored. 

A  subject  index  is  being  made  which  when  completed 
will  greatly  enhance  the  working  value  of  the  Library. 
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